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PREFACE. 


Qliestions  of  River  Pollution  oiid  Sewage  Disposal  have  assumed  so 
much  importance  in  this  country  that  no  excuse  is  necessary  for  put- 
ting forth  an  American  treatise  on  the  subject.  The  chief  object,  thei-e- 
fore,  of  this  book  is  to  speciticaliy  call  the  attention  of  sanitary 
authorities,  engineers,  aud  others  interested  in  questions  of  public 
sanitation,  to  the  fact  that  we  have  already  accumulated  a  consi<leriible 
stuck  of  experience  in  sewage  disposal  in  this  country,  and  that  for 
the  future  Americans,  who  wish  to  study  the  subject  in  detail,  will  not 
be  obliged,  as  until  recently  was  the  case,  to  go  abroad  for  the  purpose. 

In  making  this  remark  we  do  not  wish  to  be  luiderstood  as  discour- 
aging the  study  of  foreign  precedents  in  sewage  disposal;  on  the 
contrary,  it  is  cheerfully  conceded,  JnuMmuch  as  the  necessity  for  sew- 
age purification  lu-st  arose  abroad,  that  consequently  the  foreign  en- 
gineers had  the  opportimity  to  attack  the  problem  first,  aud  we  may 
very  properly  protit  by  their  experience.  The  full  idea  is  that  the 
couditious  here  are  generally  quite  dissimilar  from  those  obtaining 
abroad,  and  that,  with  most  of  the  feasible  methods  of  sewage  puritica 
tion  now  iu  successful  operation,  the  chances  are  ilecidedly  iu  favor  of 
quit*  as  much  profit  from  studying  carefully  the  resultM  obtained  hew- 
as  can  be  expected  from  the  casual  examination  of  executed  projects 
abroad,  which,  after  all,  are  for  the  most  part  only  relatively  appli- 
cal>le. 

The  experience  at  Worcester,  Massachusetts,  in  n  striking  exemplifi- 
cation of  the  truth  that  in  the  end  the  American  engineer  must  design 
works  to  suit  his  specific  case.  In  the  preliminary  discussion  at 
Worcester  it  was  nearly  universally  assumed  that,  by  reason  of  an 
identity  of  climatic  conditions  between  Worcester  and  Danzig,  tlie 
sewage  irrigation  fields  of  the  latter  city  might  be  duplicated  at 
Worcester,  and  results  obtained  quite  as  successful  as  those  attemliiig 
Mtwage  farming  at  Danzig.  But  Mr.  Allen  took  the  gi-ound  that  the 
I'limatic  conditions  were  sufficiently  diswimilar  to  render  au  extensive 
sewage  farm  at  Worcester  an  experiment,  relative  to  which  it  was  im- 
possible to  predicate  success  from  what  had  occurred  at  Danzig. 

At  Sonth  Framingham.  Massachusetts,  however,  disposal  by  broad 
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irrigation  and  intermittent  filtration  is  in  operation  od  a  eompaiutively 
large  scale ;  and  inasmiicb  as  the  distance  from  this  town  to  Worcester 
in  only  twenty -tliree  miles,  we  may  hope  to  gain  in  a  few  yearn  eome 
useful  experience  from  these  two  towns  on  the  relative  value  of  different 
systems  of  treatment  at  low  temperatures.  Tlie  extensive  intermittent 
filtration  works  at  Marlborough,  MassacliusettB,  in  the  immediate 
vicinity,  may  also  be  looked  to  for  interesting  information  on  thesame 
point. 

An  attempt  has  been  made  to  present  in  Part  I.  the  governing  prin- 
ciples ot  aewage  disposal  with  special  reference  to  American  needs; 
while  in  Pivrt  II.  there  have  been  given  the  salient  features  of  the 
principal  American  sewage  disposal  works,  with,  so  far  as  they  can  be 
obtained,  reliable  statements  of  cost  of  conslnictiou  and  operation.  It 
is  hoped  that  the  information  may  be  of  uhl^,  not  only  t()  such  sanitary 
authorities  as  Sewer  Com  mi -s.si  oners  and  Health  Offieers,  but  also  to 
those  engineers  who  are  looking  into  the  subject  for  the  first  time, 
\Vc  even  venture  to  hope  that  it  will  prove  of  mateiial  benefit  to  the 
few  engineers  of  ability  and  experience  who  have  thus  far  de8it,'ued 
most  of  the  sewiige  disposal  works  of  the  i-ountry  ;  for  American 
knowledge  of  and  pnuitice  in  sewage  purification  is  growing  rapidly, 
and  has  never  before  been  brought  together  with  any  degree  of  com- 
prehensiveness. 

Our  references,  citations  of  authorities,  and  quotations  are  drawn 
very  largely  from  AniHricaii  sources  of  information.  The  reason  for 
this  is,  as  already  indicated,  that  we  need  to  know  first  of  all  about  our 
own  special  conditions.  At  the  same  time  we  have  not  hesitated  to 
UKc  foreign  data  when  uecessai'v  for  the  completeness  of  the  discussion. 

As  conducing  ti)  a  knowlwlge  of  our  own  special  conditions,  the  ex- 
periments of  the  Massachusetts  State  Boiu'd  (jf  Health  may  lie  cited 
first  of  all,  The  views  of  a  high  English  authority  on  the  compmvitive 
value  of  these  experiments  havp  Ix-en  referred  to  in  the  footnote  on 
page  265,  and  it  appears  unnecessary  to  further  elaborate  this  part  of 
liie  subject.  The  work  accomplished  by  our  Agricultural  Experiment 
Stations  has  also  Iwen  freely  drawn  upon,  with  the  result,  it  is  believed, 
of  furnishing  a  large  amount  of  new  data  of  special  value  in  projecting 
American  sewage  disposal  w<irks. 

Concluding  this  ptiii  of  the  subject,  it  is  sincerely  hoped  that  Ameri- 
can engineei-s  and  physicists  may,  by  their  improvements  aud  increase 
of  accurate  knowledge  nf  seiviige  disposal,  be  able  to  pay  back  some 
portion  of  the  obligation  which  we  owe  chiefly  to  English  engineci-a, 
iind  iuvestigatora  for  our  preliminary  ideas  in  relation  to  sewage  puri- 
fication. 

It  will  be  noticed  that  the  amount  of  original  matter  in  the  book  in 
relatively  small.     This  is  partially  owing  to  the  use  of  the  language  of 
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tiit-  imtboritioM  tU'awn  upon,  iuHteud  of  veiling  its  identity  lunlev  slight 
verbiil  cbaiigea.  For  nil  this,  of  necessity  iniiuy  elaborate  and  valualile 
lioutri  but  ions  to  the  literature  of  sewage  ditiposal  have  been  either 
wuideo-sed  into  a  few  sentences  or  dismissed  with  a  brief  refi^remw. 
In  ail  cases  the  aim  buH  been  to  present  an  dearly  and  yet  as  briefly  us 
possible  the  best  availiililc  information  on  the  subject  under  discns- 
(tion  and  to  indicate  the  mjuri-HS  of  information. 

tjnoted  matter  bas  generally  been  indicated  by  the  use  of  sntaller 
typp'  Quotations  have  been  freely  made  in  Part  1,  in  all  those  cases 
where  the  quoted  matter  ajjpears  necessary  for  a  complete  discussion, 
or  where  nothing  can  bo  added  to  what  the  various  authora  havt- 
originally  written.  In  Part  II.  we  have  preferreil  to  quote  at  length 
from  available  memoii-s  prepared  by  the  engineei's  who  have  actually 
designed  and  constructed  the  diU'erent  works,  because  these  memoirs, 
by  reason  of  emlwdying  the  results  of  personal  experience,  are  more 
Valuable  than  any  mere  abstiact  could  lie  possilily  made.  We  have 
assumed,  iu  short,  that  the  making  of  the  ideal  sewage  disposal  manual 
is  to  some  extent  a  matter  of  discreet  editing. 

Uliile  we  have  used  footnote  references  libenilly,  we  have  not  at- 
tempted to  make  the  refeivnees  to  any  part  of  the  subject  absolutely 
fniuplete.  To  do  this  would  involve  an  amount  of  labor  out  of  all 
[iroportion  to  the  results.  Nevertheless  it  is  lioped  that  the  references 
to  origrinal  sources  of  information  are  numerous  enough  to  enable  any 
person  wishing  to  go  further  into  the  subject  than  the  limits  of  a 
viiliime  of  this  character  would  permit,  to  find  readily,  so  far  aa  the 
Amencan  literature  is  concenuid,  practically  all  there  is  of  value  at 
the  ji resent  time. 

A  Word  in  regard  to  the  joint  authorship.  Iu  the  fall  of  1891  Mr. 
lljifter  began,  at  the  request  of  the  publishers.  !>.  Van  Xo strand  Co.. 
the  preparation  of  a  Manual  of  Sewage  IJisposal  in  the  United  States. 
Early  in  1892  Mr.  Haker  began  the  collection,  largely  by  personal 
visits  to  existing  purification  works,  of  data  in  regard  to  executed 
works  as  t!ie  basis  of  a  series  of  articles  in  Engineering  News.  Neither 
*iui  aware  of  the  wink  of  the  other  until  about  July  1,  1892  ;  at  which 
time  Mr.  Rafter  had  nearly  completed  the  task  to  which  he  had  set 
liimscif,  while  Mr.  Baker  was  just  beginning  the  series  of  articles  on 
eiecnted  works  which  have  since  appeared  in  the  jonmal  named.  A 
comparison  of  data  indicated  that  Mr.  Baker's  work  on  the  executed 
[jrojects,  by  reason  of  bringing  the  information  more  nearly  down  to 
datt!,  would  add  to  the  completeness  of  the  book,  and  accordingl.v 
iirrangements  were  made  for  joining  forces.  In  addition  to  considera- 
bly extending  Part  11.,  Mr.  Baker  has  also  made  material  additions 
to  Chapter  VJI.  in  Part  I.,  and  has  revised  the  whole  work  sn  far  as 
necessary  to  include   any   additional  information  in  his  possession. 
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'nils  reTision  brings  the  work  down  to  Jtme,  1893,  as  completely  as  is 
practicable  in  a  work  of  sack  a  character,  and  the  additions  inclode 
descriptions  of  all  the  town  and  city  purification  works  known  to  be 
in  operation  to  date.  That  the  book  is  now  other  than  relatively  com- 
plete is  not  pretended ;  it  is  merely  put  forth  as  representing  the  best 
effort  in  this  direction  of  which  the  joint  authors  are  capable  at  this 
time. 

Our  sincere  thanke  are  due  to  the  many  eng^ineers  who  have  cordially 
responded  to  our  requests  for  information,  aa  well  as  to  the  superin- 
tendents of  a  number  of  public  institutions  to  whom  we  have  applied. 
Among  engineers  to  whom  we  are  specially  indebted  may  be  men- 
tioned Col.  Geo.  E.  Waring,  Jr.,  M.  Inst.  C.E.,  J.  Herbert  Shedd,  M. 
Am.  Soc.  C.E.,  Samuel  M.  Gray,  M.  Am.  Soc.  C.E.,and  Chas.  A.  Allen, 
M.  Am.  Soc.  C.E. 

The  major  portion  of  the  illuBtrations  have  been  prepared,  specially 
for  this  work,  under  the  direction  of  Mr.  F.  P.  Burt,  of  Engineering 
News.  For  the  illustrations  not  so  prepared,  we  are  indebted  to  The 
American  Society  of  Civil  Engineers,  The  Engineering  Magazine,  The 
Engineering  Becord,  and  Engineering  News. 

G.  W.  B. 
M.  N.  B. 

Kiw  TOBK,  June  1, 1888. 
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DISCUSSION  OF  PRINCIPLES. 


CHAPTEB    I. 

PBELIMINABY  DISCUSSION. 

Dehnitios  of  Terhh. 

One  occasionally  meets  a  luisuHe  of  the  terme  sewerage  and  sewage, 
and  by  way  of  giying  a  clear  idea  of  the  thing  discussed  we  may 
properly  begin  a  treatise  on  sewage  disposal  with  a  definition  of  the 
leading  terms.  By  netoeratfe,  as  here  used,  we  refer  to  the  general 
process  of  removing  the  liquid  and  solid  wastes  of  the  human  economy 
'  by  water-carriage,  while  a  eeiver  is  the  conduit  through  which,  by  the 
medium  of  water,  such  removal  is  effected ;  savage,  on  the  other  hand, 
will  be  used  as  the  generic  term  not  only  for  the  combined  water  and 
waste  matters  flowing  in  sewers,  but  for  the  mixed  solid  and  liquid 
matters  handled  by  a  pail  or  pnenmatic  system  as  well. 

Sewage  disposal  in  its  broadest  sense  may  1m>  taken,  then,  as  refer- 
ring to  any  disposal  or  treatment  of  sewage  which  renders  it  innocuous 
to  human  beings :  it  may  include  disposal  by  discharge  into  tidal 
or  other  large  bodies  of  water,  utilization  in  sewage  farming,  or 
by  burying,  as  is  sometimes  practised  with  pail  systems. 

Classitication. 

With  this  definition,  methods  of  uewage  disposal  may  be  claasified 
under  the  following  heads : 

I.    The  use  of  privies  and  cesspools. 
H.    Collection  by  pail  systems. 
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ni.     The  pneamatiL-  systems  of  Liemur,  Berlier.  Shone,  and  others. 
IV.     Simple  subsiileiicti  or  sedimeDtation. 
V.     Simple  filtration  through  some  artificial  substiiQce,  as  coke, 
ext'elsior,  or  ashen, 
VI,     Discharge  of  crude  sewage  into  tidal  or  other  large  bodies  of 
water. 
VII.     Chemical  precipitation. 
THI.     Bntad  iirigatiou. 
rX.     Intermittent  filtration. 
X.     And  finally  elfitrolysis;  although  this  method,  while  promis- 
ing good  resultft,  must  still  be  considered  as  in  the  nsperi- 
mental  state.* 
The  first  three  uiethud«  will  not  be  considered  at  all  in  this  treatise. 


'Heohanipal  fiJtntion  maj  be  nlto  poseilily  regarded  as  anntliEr  method  i>f  nevrage  diE}>iiia1,  ami 
tb*  FaTqiihar-OLdbani  tilter  i§  cited  an  a  devico  uf  thje  cLutjLct«f.  which  appartrtitly  bik^  iimit4-d 
Hpplioation  Ut  fiiuall  quantitjcn  ot  9i.'Wii](c,  it^,  for  invtuncc,  to  tbc  ncwage  of  dt^tuched  bouiioA.  So 
far  aa  the  writRr  Itnow*,  it  hiia  nevor  bven  ■iiecflSBfullii  used  on  a  Urgp  scale  in  the  LInilcrt  Staten. 
An  iinHinro^eBftil  trial  waa  mailo  at  the  Myitic  VaUe^  Hewugt  Diapoiial  WutLtb  n  few  ycara  a^. 
(See  tefttenue  to  aauie  in  Pari  II.) 
Tile  Lortiijjg  ayhtem  of  combiDed  mechanical  and  themiisa]  piinAcAtion  mnv  i**:  referred  to- 
Accor'Jing  ut  the  lnviintor'n  CiTciilar  thu  folJowing  coniliiiiHiioiiit  of  advantiigeii  hiive  l^enii 
■urcosafuJly  incori'^^ated  iu  thin  hltiT  : 

1-  The  meohanJciLl  and  chemical  trtatnifDiB  are  ritriirtly  sepaiatod,  ail  iiiipuritiea  cupubla  of 
beioK  eliminated  moohanicaliy  beioj!  lirat  eslrftcted  before  ree(inr>e  ia  hnii  Ui  ehemioiilii. 

'i.  By  thuii  reduuini;  tlie  qiianticy  of  ebi'micals  uK<i.  not  only  tlieir  cost  is  mvni,  but  tho 
<|Ubntity  of  tiie  final  tii'odtJctB  it  diminiaheii.  and  tbeiefore  the  expentie  of  deal irtg  with  tli6Tii 
rediii^ed  tn  a  proportionat<'  degree. 

:L.  I)y  the  provision  lit  ni'-aiiH  fi>r  i'trcdlating  ttie  fianie  cliemiealH  lepi'Utedlv.  it  i^  Jios&ible  to 
Finpluy  coTtaiti  iliflienlfjy  K{i]iib}e  chemioLli*.  whieii  at  preaeut  cntuiot  lie  iiHcrJ  at  ^1.  ajiii  tbc  coit  of 
whioh  it.  merely  ii'^mlnal-  The  wialt  oont  of  tlie^e  niatrrialn  h.  houi'ver.  only  part  of  the 
advantage  gamed  by  t tie ir  line  ;  a  farther  great  adtantn^e  Sk,  that  being  diSirultly  MJtil  alowly 
aoluble.  thoy  act  at  lir'rt  an  nieoliaaieal  preeipita[iU< ;  and  nfferwarilii^  a^  they  iilowly  diapoWe  In 
their  oourae  of  circiilalinn^  their  chemical  a'-^ticm  eiime&  iulii  play. 

4.  Tlii-  "-tirkiui;  of  the  appatattin  h  almust  aiitomnlic,  and  nrjiiiiei.  nry  littk  manual  labor. 

.'>,  O^mg  to  it^  vpeeial  mtjotiani^'al  prihoijiieH  of  ooii^tiuctton  iiinl  \t^  I'lintinuoui  working,  no 
inierriijition  U-ifi^  nece^nary  for  the  purjiose  of  clearing  nut  the  sediment,  tin-  apaci*  Uiiten  up  hv 
the  apparatus  and  bnitdiogi.  aa  compared  to  the  4|nantity  of  work  dr>ne.  ia  minced  to  u  nnajl 
traotion  of  what  in  now  neuexiury. 

I>.  Owing  to  the  proTisior  nf  natnral  filter-beds  within  tbe  appaiatn^  which  are  formeil  by  tb« 
aeilrnientary  mnll«'r  il.«clf,  the  piime  curt  of  nddLtion*,  a*  well  a>  the  diwuiiontOKeof  Ihe.it  uudnlr 
iuoreaimg  the  bulk  of  the  b\-pr'idijc1«.  in  aai'«1. 

T.  Snch  filter"  act  ant'iniaticiiHy,  aadeiinW  TOitinnotisly  and  e^iieiiitKmi.l_v  elmneil  out  withont 
any  ntoppage  of  the  wuTkin^  Dwinif  to  the  heilinienti^  bi-iiig  thii^  renioAed  fjo^ii  day  lo  day,  no 
time  it  given  for  ileenmptrtiition  and  ita  ininrioni  i^onaef^iieTici-H. 

8.  It  will  be  clear  that,  aa  tbc  '4uantity  of  mfchani^-al  and  olaemieAi  adniixtliii'h  dniin^  tbe 
proocta  iavery  greatly  reiiuced.  the  r--ally  c^iiabl"  mirrednTilt  n(  the  aewBue  hic  ci-ntaincd  in  tlie 
fliial  by-ptodncti  in  a  oonor'ntntcit  fnnn.  which  traniifiii iii»  tlieHe  proilinti  tiito  H  mliialile 
marhetable  commodity,  w-hilat  for  tin'  eiuiverrie  reaMon  tfie  protlneta  atlaini-d  liV  the  prrMrnt 
wathod  are  rarely  worib  the  cost  of  tran^jtort,  and  o(i'>ii  ahholntrly  valiielca*. 

For  further  details  ot  the  IjortiinK  lyatem  upe  (1 1  the  invcntot'a  eiroulat.  "  Improvcnu-nta  in  tlia 

Method  of.  and  Apparatus  for.  Purify  ingr.he  Wat4r-Cirtied  Si'waKe  of  Towns,"  i-tu.-.  (V)  an  ilMtnet 
of  thii  oireiilar.  wilh  the  illustrations,  mav  I*  fornd  in  Rng.  New".  »nl.  »iiL  (IMHll),  p,  303. 

Tlie  tfortiing  ayfttem  appears  to  Ire.  *a  fat  aa  the  actual  piiiilicntioii  proc'a'.  ia  coanrnixl.  raaeti' 
tiaily  a  chcniieal  trEaiment,  ti>  which  a  certain  amnunt  nt  niei'lianioitl  detail  haa  l-cen  adil<'<l  It 
alair  illustrate*  the  reopiat  developmmt  of  ciiemifial  treatment  In  vertical  laaka,  for  iurthet  intor* 
■nation  re^rding  whigta  *ce  Chafilcr  XI  .  on  Clienioa)  Pri-cipitaiiun. 
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exoept  that  a  short  I'hapter  is  iucludett  in  Part  H.  desL-riptivo  of  the 
pail  aystem  at  Hpiuluck  lake,  N-  Y.* 

Sedimentation  aud  simple  liltratiou  will  not  be  coasidered  any  fur- 
ther than  as,  at  times,  useful  adjuncts  k>  the  more  positive  systems  of 
purification.  Experience  in  England  has  amply  demonstrated  that 
they  have  little  claim  to  he  eousidored  systems  of  purification  liy 
themselves. 

In  the  case  of  disposal  into  tidal  or  other  larpe  bodies  of  water  the 
problem  to  be  solved  is,  in  its  engineering  features,  purely  one  of 
physics,  while  that  involved  in  disposal  by  cheniic;d  precipitation, 
broad  irrigation,  or  intermittent  filtration,  may  be  considered  as  also 
including,  in  addition  to  the  physical  features,  problems  iji  chemistry 
and  biology.  With  this  understanding  it  may  be  premised  tliat  the 
chief  object  of  the  present  work  is  to  treat  of  sewage  disposal  by 
chemical  precipitation.  bn)ad  in-igation,  and  intermittent  filtration,  and 
that  only  a  relatively  small  amount  of  space  will  be  devoted  to  the  ills- 
cussion  of  disposal  into  tidal  or  other  Iiu'ge  bodies  of  water. 

Again,  electrolysis  will  not  be  discussed  in  this  work.f 

Sewage  Disposal  a  New  Hubjeci-  in  tbe  Usited  States. 

I  SewagD  disposal,  in  its  practical  application,  is  comparatively  a 
new  subject  in  the  United  States;  but  the  rapid  growth  of  i)opulatiou, 
with  its  movement  into  cities  and  towns,  has  led  to  a  large  number 
of  cases  throughout  the  country  in  which  sewage  is  diacliarged  into 
streams,  ponils,  or  lakes  which  are  also  the  sources  of  public  water 

•  The  pncumatii!  nyntesna  hsvt  boBQ  thoroDghly  described  tlimwhero,  and  inaamiich  as  it  h  im- 
potaiUi^.  &t  til?  prcucnt  tim^,  to  fitber  add  iLtiythiUlf  to  what  liiu  (klri^iLily  been  tAul  in  i  cgu\l  tti  ancb 
tjfitemi..  (It  ^ivr  liny  exilniples  iif  their  me  in  Amcricnn  iiractiic,  it  id  suffieirnt  t-)  lueruij-  rpfor 
tlif  T(«i1ei  to  hhup  of  the  BOiirees  of  informslion  which  tie  mceaaihle  in  Americnn  sanitary  litera- 
tnie,  nuQfrly  : 

(!)  The Ssuilition  of  Clitips  and  Towni^,  and  tlip  Agrii-nltiiral  Ctilization  iif  BturettvJ  Maltera. 
X  Rfpml.  <m  Impioved  Mprhoile  of  Senage  Dispoial  and  Water  Siippliea  By  C.  W.  Chanodlor, 
ItD..  Sco.  Md.  .St.  Hd.  Health,  ISbT.      Pamiihlet,  ITfipogoo. 

(S)  Hrapoisd  Pl4n  for  o  SewiTago  Svstoni,  and  lor  the  Diapoiuil  of  liio  Sewage  ot  the  City  of 
Ptaviilenoe.    By  .Siunael  St  Gray,  Citv'Kntsinecr.     IS'^.  pp.  2S-3(I. 

Ml  Br » lier  System .  ic,  Eng,  and  lihl(;    Ui'cnnI,  vul.  vi,,  |i.  ."Tii :  vol,  x.,  p.  JH. 

{ij  Vol.  <ieu,  E,  V\'aring'4  .Sunitury  lluLinuge  of  HtniHt^  Hrid  'I'ownfJ,  wlien.*  may  W  al»i>  found 
tlu'  nioLJi  fuclH  about  ilry  i:arth  nyttemb.  vaultH  iind  itrivitt.  and  puil  iiy  At^ms. 

Win.  Paul  GerhanrB  J'ha  Uisposal  of  HouMliold  Wiwica  (Sn.  iJT  Van  N.>"trand'i  HcL  Her.)  majr 
U  ■]»  cnnBulteii. 

tTbe  available  infoimation  in  reiiard  to  tbe  eleotToiysii  of  aewagc  may  be  found  in  (l|  Bng. 
Newa,  tid.  Ill,,  p.  B39,  and  vol.  iviL,  p,  ;M  ;  (il  Eng.  and  Bldg.  Reoi'rd,  vol.  liiL  (ieaO(,  p.  114; 
IStBcL  Am,  Snp.,  May  4,  ISW",  N'uv.  Si,  1  SI*!!,  and  Apr,  'J.'..  IS!!!. 

8«  alfto  ileHoription  of  the  Hardy  HyeteTn  of  Hcw»ge  purification.  En  which  clGctrical  treatment  i4 
pltifioiierl  a«  ail  adjunct,  in  Eng.  Ki'W».  vtit  %^i.  (11^).  |i.  88. 

]  A  portinn  of  Iho  followiug  di^ontiBinn  originally  appeared  (1)  in  a  paper  on  Sewage  Dinpoul  in 
Iko  (."nitftl  Stat.-.,  in  The  Eng.  Mag  ,  vol.  ii ,  NX  4  (.Ian.  i8U3) ;  and  (3)  in  a  Report  K.  the  Trut- 
itBt  lit  the  Weattin,  W.  Vn..  State  Inune  BogpilaL  In  Juur.  W.  Vn.  Home  of  Delegates  for  Feb. 
l^  I'ffll,     B.ith  liy  Mr    fUft-r, 
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Hiipplies.  The  drinking  of  water  eoiitainiag  huniaii  excrement  is  s 
iliisgnutinpr  and  Jangerous  prat-tiee,  and  we  cannot  liopy  for  imninuity 
from  comniuuicttble  diseases  until  the  pustom  is  entirely  discontinued. 
The  fttct  that  tliere  ai'e  a  uiiiiibor  uf  iiUfi-s  where  this  comlitiou  exists 
liuH  enforced  the  iiecesyjty  for  sewagi;  purification,  and  made  it  a  vital 
question  demandiiis:  immediate  solution, 

As  always  lia])pt'us  when  new  conditions  arise,  numerous  remedies 
lire  proposed,  miinv  of  them  Ijeariny  little  or  no  relutioii  to  the  ease  to 
be  treated ;  and  \.>y  way  of  assisting  to  a  clear  understanding  of  the 
preeent  state  of  the  whulo  question,  it  is  proposed  to  give  herein  n 
presentation  of  (1)  some  of  the  main  reasons  why  sewage  jjiiriti cation 
may  be  considered  iii  many  eases  an  imperative  ueci'usity  ;  (i)  ti  bi-ief 
statement  of  the  approved  methods  of  effecting  sewage  purification : 
auil  (3)  an  aeconnt  of  the  principal  sewage  purification  works,  already 
in  operation  in  this  couJitry,  together  with  a  deHcription  of  a  few 
notable  disposal  works  designed  to  remove  sewage  without  puriKca- 
tiou. 

In  the  beginning,  then,  we  need  to  understand  clearly  why  sewage 
pnritication  is,  in  many  cases,  an  imperative  necessity  ;  and  by  way 
of  assisting  to  such  understamliug,  we  will  jjresent  a  short  statement 
of  the  leading  facts,  as  now  understood,  in  relation  to  the  causation 
of  communicable  diseases,  and  the  bearing  of  such  facts  on  sewage 
ilisposal. 

The  Geum  Theory  of  Disease. 

Certain  diseases  of  men  and  animals  are  communicable  from  one  in- 
dividual to  another,  and  the  modem  studies  in  bacteriology  show  that 
some  of  them  are  not  only  communicable  between  individuals  of  the 
same  species,  but  are  interchangeable  lietween  animals  and  men,  and 
between  men  and  animals. 

The  germ  theory  of  disease  an  announced  in  the  last  few  years  is  the 
laost  rational  explanation  of  the  causation  of  communicable  diseases 
that  has  yet  been  advanced,  and,  without  asserting  its  absolute  cor- 
rectness, it  may  be  still  said  that  at  the  present  time  all  advanced 
sanitarians  assume  its  correctness,  and  the  beat  sanitary  work  is  exe- 
cuted on  the  supposition  that  the  said  theory  is  essentially  correct. 
It  is  important  that  tliis  be  thoroughly  understood,  because  the  as- 
sumption of  essential  conectness  of  the  germ  theory  forces  upon  sani- 
tary authontit-8  the  responsibility  of  not  only  taking  certain  precautions 
and  prtividiiig  preventive  measures  always,  but  leaves  upon  them  the 
responsibility  of  possibly  imperilluig  human  life  in  case  of  nr'glcct. 

The  germ  theory  assumes  that  the  motive  causes  of  communicable  or 
oontaf^ous  diseases  are  minute,  living:  urgiiui>ims,  for  the  most  part 
Cttpable  of  independent  life  both  within  and  without  the  animal  body. 
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They  beloiig-  among  the  Srhiziimiii^ltx,  or  fission -fun  pri,  embracing  the 
lowest  und  least  developeil  forma  of  liie  iu  tht;  vegetable  kingdom,  imd 
they  may  hence  be  considered  the  very  simplest  forms  of  pUnts. 
Some  of  the  forma  are  bacilli,  miL-rofocfi.  »piriUii,  vibrios,  all  of  which 
inny  In*  refei'i^d  to  uk  bactt-ria. 

Many  forms  of  bacteria  are  harmless  and  mnst  be  looked  upon  as  the 
beneficent  friends  of  man.  doing  him  many  a  good  turn  which  other- 
wise he  would  find  it  difficult  to  accomplish.  Others  are  the  morbific 
causes,  when  they  gain  access  to  the  human  economy,  of  the  various 
infectious  or  communicable  diseasea.  Attention  may  be  here  directed 
to  the  fact  that  the  bacteria,  although  microscopic  in  size,  are  still,  so 
far  ivs  the  cvidoncn  goev,,  divided  into  distinct  species,  and  by  conse- 
quence each  contagious  disease  has  its  own  specific  germ,  which  must 
be  present  in  every  case  before  that  particular  disease  can  be  de- 
veh>ped. 

Once  introduced  into  the  animal  body,  however,  the  specific  germ, 
after  a  period  of  incubation,  finally  grows  and  multiplies  enormously; 
so  that  whili!  a  single  germ,  or  the  least  atom  of  infectious  material, 
serves  to  inoculate  a  disease  in  a  susceptible  person,  the  contagious 
matter  produced  in  the  course  of  the  disease  may  be  sufficient  to  inocu- 
late many  thousands.  In  each  special  disease,  the  contagion  multi- 
plies chiefly  ill  the  particular  tissues  which  are  especially  subject  to  ita 
action,  and  the  infective  germs  arc  cast  ofi'  from  the  body  with  the 
secretions  of  those  tissues.  Thus,  in  typhoid  fever,  the  seat  of  the 
disease  is  such  that  the  infectious  matter  passes  away  in  laige  quanti- 
ties in  the  dejections  from  the  bowels. 

Tii'HoiD  Fever. 

The  period  of  incubation  in  typhoid  is  a  long  one,  of  from  14  to  20 
days,  while  the  course  of  the  disease  after  full  development  is  usually 
as  many  more.  Frequently  this  disea.se  is  of  so  mild  a  character,  that 
tlie  person  having  it  is  unaware  of  its  presence.  This  constitutes  a 
walking  case,  but  the  dejections  from  sutdi  are  quite  as  dangerous  as 
from  the  severest  cases,  A  walking  case  of  typhoid  may  go  about  for 
a  number  of  weeks,  sowing  the  germs  of  the  disease  browlcast  with 
pvery  di-jectiou,  absolutely  without  knowledge  of  the  fact,  and  with  no 
unpleasant  sensation  other  thaji  that  which  accompanies  being  slightly 
unwell. 


How  TiTHoiD  Gerub  Gais  Access  to  the  Human  Eoonomv. 

The  germs  of  tvphoid  nsuidly  gain  access  to  the  animal  economy 
through  the  mediam  of  (Wuking- water,  although  the  germs  may  ba 
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present  iu  tlie  air  of  sewers  receiving  the  dejectious  of  typlioid 
patients,  as  has  been  demoustrated  by  Dr.  Victor  C.  Vaiigban,  of  the 
Uuiversity  of  Mii'hin-au.  Wbeii  this  ia  the  cuse,  brt'utliing'  the  sewer 
air  will  lead  to  the  iJiodiictiou  of  the  disease,  as  happened  at  tho  Jack- 
son prison,  in  a  case  studied  by  Dr.  Vaugban.* 

I'siudly,  however,  the  germ  of  typhoid,  by  reaaoii  of  passing  from 
the  body  of  the  patient  in  the  dejectiouM,  is  liable  to  hv  present  in  tht- 
wiitt-r  we  drink  rather  fbun  iu  the  air  we  breathe,  and  tlie  length  tif 
time  the  germs  will  survive,  after  passing  fi^om  the  human  liody  into  a 
stream  of  water  as  a  constituent  of  sewage,  becomes  a  practical  ijues- 
tion  of  considerable  importance  in  connection  with  sewage  disposal, 
especially  where  a  atrcaiu  of  moderate  size  receives  sewage  at  a  given 
point,  and  is  at  the  same  time,  lower  down,  the  source  of  a  public 
water  supply. 

ReSPONSIBILITV  of   PnilFHATIOX. 

Tlie  question,  Upon  whom  does  the  respousilulityof  purification  rest? 

has  been  raised  in  a  number  of  cases,  and  from  the  foregoing  considera- 
tions it  may  be  concluded  that  it  rests  upon  every  community,  manu- 
facturing establishment,  public  institution,  (»■  individual  whose  sewage 
outfall  is  into  a  stream,  pond,  lake,  or  other  body  of  water,  which  either 
is  or  may  be  the  source  of  a  public  water  supply  at  any  point  fjiirly 
within  the  intlueuco  of  the  intiowing  sewage.  In  this  view,  the  further 
question  at  once  arises  as  to  what  may  be  considei'ed  the  legitimate 
limit  of  inUueuce;  to  this  a  ilelinitc  answer  is  afforded,  iu  one  case,  by 
some  experiments  on  the  vitality  of  the  germ  of  typhoid  fever,  as 
detailed  by  Hiram  F.  Mills,  A.M.,  CKf 

Typhoid  Fevek  at  Lawrence  xsd  Lowell. 

Tn  the  month  of  Novemlier.  1890,  the  Massachusetts  health  rctumB 
indicated  tliat  the  number  of  deaths  by  typhoid  fever  iu  Lowell  far 
exceeded  that  of  the  whole  city  of  Boston,  Hie  returns  also  sliowed  a 
rapid  increiise  at  the  same  time  in  Lawrence,  and.  as  no  similar  in- 
crease ap|>eared  in  the  other  cities  of  the  State,  the  State  Board  of 
Health  made  the  matter  the  subject  of  special  investigation  iu  thesi- 
two  cities.  Lowell  has  a  popniati<ui  of  77,tJ96,  Lawrence  44,654,  und 
Boston  448,477,  all  in  ISilO,  Lawrence  and  Lowell  are  on  the  Merrimnc 
river,  Lawrence  being  nine  miles  dawn  the  river  from  Lowell.  Both 
cities  take  their  water  supply  from  the  Merriniac,  and  the  crude  sewage 
of  Lowell  is  discharged  into  the  same  stream  a  short  distiince  b«low 

•Iflth  An.  Hept.  Mieh.  St.  Bd.  if  Hi>Bltli.  pp.  IWI-IM  (l^8C). 

taSnd  An.  Bopl.  of  the  Mnii.  St,  B.I,  iif  Hmlth  (1SH0|,  Typhoid  Pri-x  in  it*  apUllon  U. 
W*t«i  Suppliea,  by  Oimn  F.  HilU,  A.U.,  C.B.,  pp.  GE-^-Ml. 
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the  Lowell  wator  supply  intake.  A  probable  cause  of  the  contamiiia- 
tiiiu  oi  the  Lowell  water  supjily  at  tliia  time  wiia  fomid  in  the  discovery 
of  Uie  flisobarge  u!  the  dejections  of  typlioid  patieiitu  into  Stony  brook, 
A  tributary  of  the  Merriuific,  three  miles  up  stream  from  the  Lowell 
waterworks  intake.* 

The  B.M'iLU's  of  Tythoid  Fever. 

It  WHS  also  found  Hint  huhU  discharge  was,  in  proper  sequence  of 
time,  followed  by  a  rapid  increase  in  the  number  of  deiitha  fi-om 
typhoid  in  Lowell ;  the  ineroiwe  there  beiu<r  fnrther  followed  by 
an  ahvrmiug  increase  in  the  number  of  deaths  from  typhoid  in  Law- 
rence. In  December,  bacteriological  examinations  of  water  drawn 
from  the  ser^'ioe  pipes  in  Lawrence  resulted  iu  tiiiding  the  bacillus  of 
typhoid  iu  the  Lawrence  supply.  The  bacillus  of  typhoid,  or,  as  it  is 
frequently  udled,  Eherth's  bacillus,  is  a  rod-like  bacillus  with  rounded 
ends.  It  is  a  plant  with  normal  specimens  j„l(-,n  in-  in  length  and 
about  jflliru  iu.  in  iliarneter.  At  the  ends  are  hair-like  appendages, 
technically  called  cilia.  In  cases  of  typhoid  these  bacilli  multiply  in 
enormous  numbers,  the  seat  of  their  greatest  activity  being  in  the 
Peyers'  glainl.s,  although  tliey  luive  also  been  found  iu  the  mesenteric 
glands,  larynx,  and  lungs  of  patients  dead  of  tyjihuid.  The  typhoid 
germs  are  propagated  either  by  flssiou  or  from  spores.  In  propaga- 
tion by  fission  each  rod  divides  into  two,  each  of  which,  after  attaining 
maturity,  again  divides,  and  soon.  Multiplication  by  spores  is  not  yet 
fully  understood,  though  in  a  geiieial  way  it  may  be  stated  that  spores 
form  in  the  interior  of  bacilli,  after  the  mauuer  of  spore  multiplicatiou 
in  other  eryptogitms.  The  spores  are  :nnch  smaller  thiuj  bacilli,  and 
cnu  only  be  seen  with  the  most  powerful  obji.'Ctives  known  to  modern 
microscopists.  It  is  probable  th-it  spores,  when  once  formed,  possess 
the  |iower  of  survival  under  very  adverse  comliticms,  while  the  bacilli, 
liy  reason  of  possessing  less  vitality,  more  easily  succumb.f 


TvrHoiri  Feveu  a  Preventahlk  Disease. 

The  statement  may  be  made  that  typhoid  fever  is,  in  the  fullest 
OPDHe,  a  preventable  disease.  Keeping  it  out  of  the  food  we  eat,  th» 
air  we  breathe,  or  the  water  we  drink,  is  an  absolute  preventive ;  or,  if 

*  XnnhnB  Djiil  Mjinche4teT.  New  Hampiihire.  anit  a  nuriiher  uF  other  bowna  nii  tbe  river  nbuve 
LoweU  a]i«n  diHf^hargL'  crude  gewAqe  antu  the  Mcrriinjic 

*  For  'liwuiamun  at  fortnu^oii  of  tvphuil  npore^.  witb  r^fertnf^es  to  the  literatnro  and  hifltory  of 
III*  «u'iI*itI,  bw  paper,  E]q)eriment  il  Stinli"'.  un  the  CuiMtioti  of  Typboirt  Pevur.  with  Spooiaf  Ref- 
MTiiwlo  ibe  Outbreak  ittlniii  Miiunta'n,  Uiohi!*n,  liy  V«ui;h»n  untl  Sovy  ;  l-lth  An.  Bopl,  Mioh. 
8t  BJ  Henltli  (18S7\  pp.  -i-ll  i  aim.  The  Specific  Orgsnii-m  of  Typhoid  Ferer,  by  Goo.  W. 
Fuller.  S.H..  Teohn^logy  Quarterly  (Bmtflol    vol.  iv..  No,  3,  July,  ISHl. 

.^11  rittonded  bihliogTAphy  of  tbe  iiaeillua  of  typhoid  ferer  in  given  in  SCernlierg'ii  Manual  of 
flMtCtiology  (I(JKi),  pp.  me-n,  wbli^b  include*  Sd  rofecenoei  to  difTL-rent  papers,  ato. 
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present  in  either,  ittt  destruction  before  allowing  it  to  enter  the  hmnitn 
body  is  eqiully  a  preveutive  Water,  milk,  or  other  drink  or  food  su»- 
peot^il  of  containing  it.  should  undergo  a  degree  of  beat  equivalent 
to  tiie  Iwiling  point  of  water  for  at  least  3(1  minntes,  as  experience  has 
ahown  that  this  will  more  than  kill  the  must  ntfractory  xpores.* 

Betuming  to  the  Massachosetti^  BonnVs  invt-stigatiou  of  the 
Apideraics  of  typhoid  at  Lowell  aud  LauTeucH:-,  the  practical  ques- 
tion la  at  once  raised  aa  to  whether  (1)  the  nnmeroos  cases  in  Lowell 
BUkj  be  justly  ascribed  to  the  known  cuntaminatioD  of  Stony  brook 
abore  the  Lowell  waterworks  intake;  auil  (2)  whether  the  coseA 
at  lAwrence  are  also  due  either  to  the  same  uauAe,  or.  further,  to  an 
acoession  of  typhoid  germs  in  the  water  of  the  Merriuiac  river  from 
khe  sewer*  of  Lowell,  which  presumably  recei«ed  the  ilejeotions 
of  many  persona  suffering  from  the  disease  in  that  town  t  The  an- 
swer to  both  questions,  as  given  in  the  report,  is  a  decided  yes,  and 
ve  may  now  inquire  whether  typhoid  germs,  which  grow  in  the  human 
body  at  blood-heat,  will  survive  iu  water  only  a  few  degrees  alxive 
beeziug  long  <;nough  to  pass,  in  the  ordinary  Hou'  of  the  river,  from 
tbe  Lowell  seweis  to  the  Ijawreuce  intake,  thence  through  the 
distribution  pipes  to  the  serrices,  thence  into  th^-  houses,  and  6nally 
into  the  bo>lies  of  the  citizens  of  Lawrence,  The  tempenttnre  of  the 
rirer  water  in  November.  1890,  was  from  45°  to  35°. 

Taking  the  mean  velocity  of  the  river,  it  is  found  that  the  time  from 
the  lowell  sewer  outfall  to  the  Lawrence  water-works  intake  is  eight 
hoars.  Entering  the  reseri-oir  the  same  dny.  the  water  wonld  certainly 
go  to  the  cousmntTs  through  the  service  pipes  In  fnim  a  week  to  ten 
days ;  and  the  inqairy  is  murowed  to  finding  out  whether  the  typhoid 
germ  would  live  fr<)m  seven  to  ten  days  in  the  Merrimac  river  water 
when  at  a  temperature  of  from  45°  t*i  35°. 


VrrAUTT  or  the  TfPHOio  Bacillds. 

To  settle  this  interesting  question,  the  Mass.whu setts  BoartI  made  a 
series  of  pxperiinenls  by  inoculating  water  fnitu  the  Lawrence  service 
pipes  with  typhoid  irerms,  and  keeping  it  in  a  bottle  surrounded  V>y  ic© 
at  near  the  freczins  point  fur  «  month.  Eaoh  day  one  cubic  centimetre 
was  taken  ont,  and  the  nnmlwr  of  typhoid  germs  therein  determined 
by  the  nsoal  cnlture  methods.  The  number  was  found  to  decrease 
from  day  to  day,  altbougb  some  survived  24  days  as  follows : 

Oath*  Hrrt  ilar  ibm  wen «.*3'> 

On  tWfUlha»Vlbe«»ore... * 8.100 

•  DMalKtlM  Mil  ni'liiTiili'^ :  Thmt  Apftiotoai  uJ  Co  in  Uie  pKianildD  w»l TnOoMKl 
MlIKBHBUiJi-  PjUui  uI  ffinf  SitilUtiuB.  Uf  Ih*  OmnmitlM  on  DUialMlula  ifipafatod 
%  tb«  Aamlaa  fotriic  H<altli  Axucsliuii. 


LIMIT   OF  INFLUENCE   IN   LAKES   AND   PONDS. 


0 


On  tlie  teotti  day  there  were 490 

On  llie  flfteentli  day  thei-e  were 100 

On  the  twentieth  day  there  were 17 

Ob  the  twenty-flfth  day  there  were 0 


Limit  ok  Influence  in  the  Mehmimac  Riveb. 

It  appears,  thBn,  for  the  purpurte  of  illimtrating  the  subject,  we  may  say 
that  in  the  Memmac  river  the  limit  of  iuHuence  of  the  sewage  of  the  city 
of  Lowell  is  fairly  the  point  reauhed  by  the  flowing  wat«r  in  25  days 
after  passing'  Lowell,  the  possible  effect  of  dilution  and  sedimentation, 
the  antagonism  of  the  n  on -pathogenic  bacteria,  and  the  punfying  effect 
of  minute  plants  and  animals  ia  reducing  the  danger,  nut  being  here 
taken  into  account.  The  Merrimac  river  flows  the  nine  miles  from 
Lowell  to  Lawrence  in  eight  hours,  or  at  the  rate  of  If,  miles  per  hour. 
Twenty-five  days  is  600  hours,  and  it  is  accordingly  found,  with  the 
limitations  noted,  that  a  flow  of  676  miles  may  occur  before  the  Merri- 
mac river  can  be  considered  perfectly  free  from  the  typhoid  germ,  if 
once  inoculated,  in  the  month  of  November.  Enough  is  known  of  the 
persistency  of  vitality  of  the  typhoid  spore  to  justify  aHsuming  that 
the  legitimate  safe  limit  of  influence  in  this  stream  will  be  quite  as 
great  as  indicated  in  the  foregoing,  although  there  are  mollifying  cir- 
cumstances which  will  be  referred  to  in  some  of  the  following  chap- 
ters. 

Table  No.  1  gives  the  statistics  of  this  epidemic  of  typhoid  fever  at 
Iiowell  and  Lawrence.* 

Taslk  No.  1.— Statistics  op  Tvphoid  Fevkh  in  tub  Citiks  ok  Lowei.i.  and  Law- 
RENCB,  Mass,,  Sgptembkh,  1890,  to  January,  1801,  i.ncll-sivb. 
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Limit  of  Tsflitknce  in  Laeeh  and  Ponds. 

In  the  case  of  a  lake  or  pond  the  limit  of  influence  will  be  more  re- 
stricted than  in  a  running  stream,  though  it  must  be  stated  in  this  con- 

•  DeriTed  from  (I )  Mr.  Milln'  paper  in  -J-inil  An.  Rept.  Uan.  St.  Board  of  Health  ;  ("J)  from  » 
Report  npon  the  Sanitary  iVmilitinn  of  the  Water  Snpply  of  Lowell,  Mau..  jireiiented  to  tha 
Wal«r  BoHd  of  Unrell,  April  10,  ISfll,  by  Wm.  T.  Sedgirick,  Protsanr  of  Biology,  etc. 
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iiML'tion  tliftt  the  usual  liydrofjraphie  oltservations  of  direction  of  water 

currtiuts,  as  iudip.ateil  by  floats  for  ii  few  dsiys  only,  are  utterly  witlimit 
sitriiitiwiuco  so  far  as  a  mtioual  solutiou  of  the  problem  of  legitimate 
iiiriueiiue  in  auy  giveu  case  is  coijcemed.  Such  ohaervations  must  lie 
carried  on  in  coujunetiou  with  biologieal  mid  elieinii^al  studies  for  a 
considerable  periud  of  time,  ami  when  so  carried  on  will  undoubtedly 
reriult  in  showing  that  the  limit  of  influence  in  large  lakes  is  much 
greater  than  has  thus  far  been  generally  assumed. 


The  Cabe  of  8chene(,tady,  Cohoes,  West  Tkoy,  iND  Albany. 

ProfesMor  William  P,  Mason  has  given  in  a  recent  jiaper  an  account, 
ji.'rtiuent  to  the  present  discussion,  of  a  series  of  epidemics  uf  ty- 
phoid fever  in  a  number  of  towns  supplied  with  water  from  a  sewage- 
contaminated  stream.* 

The  stream  In  question  is  the  Mohawk  liver,  which  receives  the 
sewage  of  nearly  every  large  town  on  its  banks,  se\i.'ral  of  them,  as  for 
instance  R"»me,  I'tica,  Little  Falls,  Amsterdam,  and  Schenectady,  hav- 
ing complete  sewerage  systems  which  discJiavge  considerable  quanti- 
ties of  crude  sewage  directly  into  the  sti'eam. 

In  July,  1890,  a  marked  increase  in  the  amount  of  tyitboid  fever  was 
noted  at  Schenectady,  and  from  that  time  to  the  middle  of  April,  1801, 
about  300  cases  were  reported,  of  which  70  were  fatal.  The  health 
olHoer  of  the  town  is  of  the  opinion  that  many  of  the  milder  cases  were 
nf'ver  reported,  so  that  in  reality  the  total  number  of  cases  was  consid- 
erably in  excess  of  300.  The  population  of  Schenectady  is,  according 
to  the  census  of  1800,  10,00-2. 

Thh)  entire  water  supply  of  the  city,  amounting  to  2,200,000  gallons, 
is  now  derived  fiom  the  Mohawk  river  by  direct  pumping.  Previous 
to  1887  the  supply  had  been  taken  from  a  lilter  galleiy  near  the  river, 
bnt  in  that  year  extensions  were  made  and  the  supply  drawn  from  a 
crib  in  the  middle  of  the  river. 

The  water  Hupplies  of  the  towns  of  Cohoes  and  We.st  Troy  arc  also 
di-rived  from  the  Mohawk  river,  wliile  that  of  Albany  is  partly  from 
the  Hudson  river,  the  balance  being  from  inland  lakes.  Watcrford, 
Lnnsingburgh  and  Troy,  which  are  in  the  immediate  vicinity,  draw 
their  public  supplies  from  the  Hudson  above  the  mouth  of  the  Mo- 
hawk ;  a  portion  of  the  public  supply  of  Troy  is  from  lakes  to  the  bnok 
of  the  town  by  gravity.  The  approximate  locations  of  th*-  several  in- 
takes fti-e  shown  by  the  squares  on  the  map.  Fig,  1. 

The  populations  of  these  towns  are :  Waterford,  5.400 ;  Laneingbursli, 

•  tint"  nn  •'""•■ ''w«ii>f[>Haking-WfttariuiilDi>eaie,  By  H'lllum  P.  Hannn.  Jour.  Fnnlc  tut.. 
Hot,  18»1.    Hcpiiit.  pp,0-9. 
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10,550  ;  (.'oboes,  22,509  ;  Weat  Troy,  12,967 ;  Troy,  60,056 ;  Albany,  94,- 
923:  total,  207,305. 

Tbere  is  also  a  town  of  a  populatiou  of  4,463  on  Green  Island,  wbich 
derivpft  its  water  sniiply  from  a  filter  galk'ry. 

lu  0(;tober,  189U,  an  epidemic  of  tyi^lioid  began  in  Coboes,  and  con- 
tinued until  tlie  middle  of  March,  1891,  Altogctber  tbere  vrero  about 
1.000  i.'ase.s  (1  in  every  22.5  of  the  pupulationl ;  fortunately  they  were 
mostly  mild  in  character,  resulting  in  very  few  deaths. 

In  West  Troy  an  epidemic  ol  typhoid  began  in  the  latter  paii  of 
November,  1890,  On  about  December  15,  50  caaea  were  reported.  Of 
these  42  used  Mohawk  river  water,  the  remainder  well  water.  On 
December  20,  the  Mohawk  supply  wiis  disc^ontinued,  and  arrangements 
made  for  a  supply  of  filtered  water  from  Green  Island,  which  had  no 
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typhoid.  In  one  week  the  ri'jiort  of  new  i-as-.is  showed  15,  while  In  two 
wei'kf!  but  1  was  reported.  On  roturnin?  to  th"  Mohawk  supply,  in  the 
middle  of  January,  a  slight  increasr  wjis  obHorved.  The  total  number 
iif  cases  in  West  Troy  exceeded  IIH). 

An  epidemic  of  typhoid  began  at  Albany  in  tlie  latter  part  of  De- 
cember, 1890,  and  continued  during  January,  Febniaiy,  and  March, 
IHiil  A  total  of  411  cases  were  repoi-tcd,  but  this  figure  is  stated  to  be 
far  below  the  real  fact.  Of  the  411,  only  18  arc  reported  as  occurring  in 
the  district  su|i|jlieil  with  water  by  gravity  from  the  inland  lakes. 

AV'aterfonl.  Lansingburgh.  ajid  Troy,  whose  entire  water  sup|ilies  are 
from  fairly  um-ontaininated  sources,  were  ordinarily  free  from  typboid 
duriiirr  this  period.  The  same  is  true  of  Green  Inland,  the  water  sup- 
ply  of  which  is  filtered  from  the  Hudson  river  by  means  of  a  filter 
gBllory, 

The  etatistids  of  this  epidemic,  while  not  very  comitlete,  arc  of  the 
freatest  interest.     They  show  that  in  a  total  population  of  15O.1HI0  liv- 
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iiig  ill  several  towuM,  all  of  whicli  ivre  supplied  with  ii  jfrotisly  contami- 
uiited  water,  the  uumbor  of  fnnea  of  tyiihoiil  occuniug  in  a  few  luontlis 
was  over  1,800,  or  about  1  in  every  84  persons.  At  the  atime  time,  in 
a  similarly  situiited  ailjaeeut  population  of  about  77.000,  with  an  un- 
cimtamiuated  water  supply,  very  few  or  no  i;;we8  ut  ail  occurred. 

It  will  be  uudomtood  thiit  the  upper  Hudson  is  only  slig-htly  con- 
taminated with  sewage. 

Why  Chuuk  Sewaoe  should  be  Kept  Out  op  Streams. 

Facts  and  discussions  of  the  charaettir  of  the  foregoing  lead  to  the 
conclusion  that,  as  a  mere  matter  of  ordinary  prudence,  it  is  unsafe  to 
allow  raw  sewage  to  How  into  streams  whicli  are,  at  any  point  b(-low 
where  the  sewage  ttowa  in,  the  source  of  a  puhlic  water  supply. 
The  question  of  production  of  a  uuiaauoe  by  causing  bad  odors  alon^ 
the  stream  is  the  least  important  part,  and  iu  many  cwses  it  is  certain 
tliat  no  material  effluvium  nuisance  is  ever  created  Usually  a  mini- 
mum volume  of  flow  in  a  stream  of  about  ten  times  the  volume  of  sew- 
age will  be  suificient  to  prevent  this.* 

List  of  Water-bobne  Communicable  Diseases. 

Returning  to  the  general  question  of  infections  diseases,  we  may 
note  that  the  most  Important  diseases  which  are  usually  water-borne, 
but  of  which  the  gei-ms  may  be  present  in  the  air  of  sewers  receiving 
the  dejections  of  patients,  are : 

Typhoid  fever,  Cholera, 

Diarrhiea,  Dysentery. 

In  the  ease  of  these  infectious  water-borne  diseases,  it  may  be  laid 
down  as  a  fundamcutal  proposition  that  the  dejections  of  patients  sick 
with  them  should  never  lie  allowed  to  pass  into  the  sewers  until  tliey 
have  been  thoroughly  sterilized  by  treatment  with  a  proper  disinfect- 
ant, Such  treatment  should  be  used  as  an  additional  precaution,  as  a 
mere  matter  of  justice  to  any  human  being  wishing  to  use  the  water 
oi  a  sewage-oontaminated  stream  fordriuking,  audit  should  be  further 
used  absolutely  witliout  reference  to  whether  or  not  the  sewage  into 
which  the  dejections  are  discharged  is  to  he  treated  at  disposal  works. 
The  oidy  exception  to  this  rule  may  be  found  in  the  case  of  discharge 
directly  into  tide  water. 

Disinfection  ok  De-ieota, 

The  American  Public  Health  Association  ia  1884  appoiatecl  a  com- 
mittee to  investigate  the  subject  of  disinfectants;  a  series  of  experi- 

•  ITotM  on   tbo  Pollution  nf  Streimt,     By  Rndolpn  flctinj,  O.E,  Trmua.  Am.    Pub.  Hedth 
Aww..  ISOT.    Alio  Gnu.  "I'l  Bidg.  Rwonl.  jol.  rwiL.  p.  sa*. 
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ments  were  iiistihiteil  (uid  a'  vuhialile  report  wjis  iiiiiilf,  Amoiiff  niiuiy 
otlier  recommentUitioiiii,  the  L-onimittee  say,  tlmt  for  ilisiiifeetiug  ex- 
creta ill  the  sick  room  there  may  be  used — (1)  chloride  of  lime  in  four 
per  ceut.  w-ilutioii  (live  ouuces  to  one  giJloii  of  wiiter) ;  (2)  mereiiric 
rliloride  iu  solutiou.  1  to  500  (two  draehma  of  luiieiuie  fhloride  to  otio 
gallon  of  water),  Iii  oriler  to  ffixe  the  mercuric  chloride  sohitiou  a 
distiiiet  eolor  us  a  guard  ajfaiiist  miatakes,  two  drachma  of  i>enuaii{i'a- 
nnte  of  potash  may  be  ailded  to  eaeli  gallon  when  it  is  mixed  in  stock. 
The  laljeJ  should  bear  the  word  "  poison  "  as  an  additional  precaution 
against  mistakes. 

The  dejections  having:  been  received  in  a  vessel,  an  amount  of  either 
(1)  or  (2)  equal  to  the  qiiantity  of  dejections  should  be  added,  and  after 
thorough  stirring  the  whole  allowed  to  stand  for  at  least  one  hour. 
The  mixture  may  then  be  safely  permitted  to  go  into  the  sewer.* 

Of  these  two  disinfectants  the  chloride  of  lime  solution  in  the  more 
certain  in  its  apjilication  to  excrement,  provided  fresh  chloride  of 
standard  strength  is  used.  It  has  the  disadvantage  that  the  iliy  chlor- 
ide loses  its  strength  quickly  on  exposure,  and  when  there  is  doubt 
on  this  score  the  quantity  of  chloride  per  gallon  of  water  may  be  in- 
creased. 

The  mercurio  chloride  solution  is,  however,  certain  in  its  effects,  pro 
Tided  the  precaution  is  always  taken  to  thoroughly  atir  the  excrement 
until  every  minute  particle  is  lirought  into  contact  with  tln!  mercuric 
cldoride  solution.  When  not  thoroughly  stirred  there  is  a  tendency 
to  the  formation  of  an  insoluble  coating,  by  the  action  of  the  mercuric 
chloride  on  the  allniminous  constituents  of  the  excrement,  with  the 
result  that  the  germ  material  in  the  interior  of  the  masses  may  re- 
main entirely  unaffected,  and  still  capable,  when  liberated,  of  jiropa- 
gating  disease  the  siime  as  before  disinfection.  The  chloride  of  liine, 
on  the  contrary,  has  a  tendency  to  disintegrate  the  masses  of  fecal 
matter,  thus  bringing  every  particle  in  contact  with  the  germ-destroy- 
ing material. 

Efficient  disinfection  of  the  dejections  of  typhoid  and  other  patients 
may  be  accomplished  Vty  the  use  of  either  of  these  formnlie,  due  re- 
gard being  given  always  to  the  precautions  indicated  in  the  fore- 
going. 

Importakcf.  or  Disinfection. 


In  illustration  of  the  importance  of  disinfection  of  dejecta  fnim 
patients  suffering  from  typhoid  fever  and  other  water-borne  commu- 
nicable diseases  before  allowing  them  to  pass  into  sewere,  it  may  be 
Btatedthat  the  most  efficient  means  of  purifying  sewage  yet  known, 
intermittent  sand  filtration,  cannot  be  depended  upon  to  absolutely  re- 

•  Report  uf  Committee  on  Diitnfeetnnt*,  !or.  ■■*> 
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move  n(l  tlie  bacteriii.  Such  mcaus  of  puiifioatiou  ivill,  however,  oi'cliim- 
lily  lemove  (it  Itaat  119  p^r  cent.,  aud  among  those  removed  are  presum- 
ably a  large  proiiortioii  of  the  disease  germs,  if  any  are  present,  thereby 
rodmting  greatly  the  chauce  of  infection  in  any  given  case;  but  wc 
cannot  yet  assume  eomplete  i-emoval  of  all  disease  germs,  especially  of 
tlie more  hardy  varieties,  as  for  iuutauce  the  spore  of  tjplioid  fever. 
Au  t'xperiment  at  the  Lawrence  Station  aptly  ittustrates  this  point. 
Bfr/illiis  fr'M.ti'jiiu.its  is  a  hardy,  harmless  variety  of  bacteria  which  ift 
said  not  to  occur  naturally  in  this  country.'  It  has  a  bright  Idood-red 
color,  and  grows  luxuiiiintly  in  many  situntions.  In  order  to  test 
wliether  sand  tiltei-s  would  fully  destroy  a  hardy  variety,  this  bacillus 
was  added  to  the  sowage  applied  to  some  of  the  experimental  tanks, 
aud  the  effluent  examined  with  reference  to  its  aijpe«rauce  therein.  The 
result  was  that  with  coarse  sand  filters  a  few  might  be  expected  under 
ordinary  conditions  ttt  pass  through  ;  while  with  fine  sand  filters,  to 
which  comparatively  small  quantities  of  sewage  were  applied,  the  re- 
moval of  Bni.dUits  firodujlo«an  ajipeared  complete.  In  a  practical  way, 
tlicref<ire,  wo  may  conclude  that,  under  the  ordinary  conditions  of  work- 
iug,  a  few  of  the  mure  hardy  bacteria  may  ])aas  through  saud  tilters 
and  appear  in  the  effluent.  On  this  point  there  is  still  some  uncer- 
tainty, as  will  bo  shown  further  on  in  the  discussion.t 

*S«  CrDoluluuik'm  Manual  of  Baoteriology,  3rd  ed..  p.  'ST&,  tor  marpbology  of  Barillu»  prodi- 
ffiotnt. 

tThe  fbllowi&K  i>  tbe  gviKnil  acoaaDtof  th^  experinwDC  with  Banllwi  pn-lif/ieitit,  u  giren  hj 
pTofoMor  William  T.  S?<iswick  in  Part  IL  of  the  Mul  gpeo.  }ti-|iutt . 

Pmm  what  baa  bv-cn  **Jcl  *  *  *  it  ia  clear  that  a  Yrly  lurs^  p^rc^ntagv  of  the  urganiBtntt  af 
thr  hvwH^e  ^-tuh  in  the  tilt«n  duriag  iiit«rmittei]t  tiltmtion.  The  friifsEinn  naliiritlE;  ariM4.  Di> 
any  uf  i'tw  w-wHg«  organi«ii4  livo  to  pia"  through,  r^r  are  they  a]l  lU'^troyrU  withiTi.  ihe  fiitvrs? 
tb»>P  that  lire  fouiiil  in  the  elBuEiit  bring  accuuuti-J  for  ■>  havinj;  lomu  from  the  diBChar^  P'J"^ 
lilKleT-draiiia,  tjLrik  ll<i>ir-,  eU\,  cvr  frum  tb«  air  The  hy^toiiG  inLp^trtanoe  erf  tlua riQevtion  u  oDii- 
viktt.  ivh«ii  vtf  ciinPtvl-T  tti'^  fsin^nxe  *iv»irahiliXy  of  rcmoviD^  all  pathogenic  g?iiu«  from  thi^  apw. 
agr,  -\t  thr  Bami!  time  thr  difficulty  uf  •olrin;*  the  probSom  wis  great  in  tiome  caaet.  inasmucji  iw 
Ui,>  kindi  uf  >>aot*ria  Ukely  to  occui  id  the  air,  in  w»age.  in  iiitm  hdH  drama,  are  Ter.v  •imiUr.  or 
p<'rhat">  '-*"^  idcnlital :  and  Doaneqn^ntly  the  cum|driu>ii  ul  the  apecic*  in  t!ir  trwtgr  ainl  tlir  rSlu- 
cut-*-  HpHi  t  fioni  it4  inb^Teiit  diffik^ttliy.waB  uot  likriv  to  yield  immediate  resuEtB.  It  wji«  ih<  rrforr, 
•h-Lvdwi  ii> f«p.'tini«nt  dirvrtly  with  licti  cultut™ of  »  spicif  of  tin-  battiT.a  fotoigii  t.i  ihc  ataliiin. 
sx'hri'h  -or.iUl  lie  ttppLted  in  the  tewage.  and  det«v1i.-d.  if  jtrevrnt.  in  t'le  Fd)ai:=t4. 

Kor  1(1  i>  |.arp"M  Bai-Ulit  prfHligiiiiu  «■•  chown.  Tliis  «|iei>i.»  lias  iicni  In-n  nbwi  vrd  in  the 
HWagi.  lit  efllurnta.  and  i«  r*id  not  to  exittt  nar  re  in  thjs  ctuntry-  It  Ib  ioErrabiy  i;ardy.  aiiiJd 
iiiaingtuils  MiwdiDBly  rapid  growth  npon  gelalin. .  nnd  it»prodncti<m  of  a  linght-rii!  i-i'W  in  wfll- 
duvci.>|wl  ndoaie<.  i>  i-un^g-aiatifrlT  iraiy  In  rei-ugnne  Luxuriant  vrc- talioiii  u(  thii  t-pemn 
wrirr  prTivfci-tsI  rithuT  m  the  niuial  "  gelatine  tnbe<  '  or  in  Ihp  urdinaty  "  lK»iii1liHi,"  ainl  aftrr  at- 
lAininfi  l.h"  oitta.«il"iarT  d-Tehii.inont  ■■!  which  il  ib  capable.  n>  thlt  ■  unsii!  i-iibic<'et>Iirnrter  of 
the  llmd  ciiilBini'"!  millin"'  I'f  Iht  indiTidua!  cmn*.  It  w»b  irady  t<.  I*  ii|iplii.Ti  u.  tlic  tonka- 
One  "I  tt"  liters  nf  IhiB  Hnid,  •warming  with  the  serin-  of  /ti.lW>M;<r"((;u".."..  >.  r,>  ihen  addnl 
Ul  ihf  .ifiliniiry  chant'  "f  ««•«''.  '■>'  "i'  larger  lankA.  »rid  tliirt)  f.iliii'  ivntiini'trr-.,  la  there- 
abiiut*.  t-i  that  ("t  the  Knallei  tankii.  »flei  -hioli  Ihf  minliire  wiK  pnnio.|  np-o  thr  ant- 
fai»  The  amallef  lar.k-  "1  ooaiw  mnrlai  ™»Hi  weie  linl  eiprtim^nteii  wiiii,  and  aampls 
of  the  clUn.iH  *«r  rolli<*"^.  heginoing  wmid  bonn  afUr  the  applieaKnt..  J'roni  data  ol>tain<>d 
«nw  thai  tin*  i»  afpeal-  lik»<>  that  tboa*  eollM>tlniia  did  not  haghi  early  rui>"Kh  to  awiire  Ilu' 

^^hTtwiiHa  prow?««wl"i"'y-  bo^mr.  that  Barilla  prmUviatui  fm^mf  thn.i,~h  tb«*  Unln 

,rfn«™era»e.I.    -nw  nntn'"-'"' =™»  ■«'■■■     "  ^ "  ,  .i  w« 

Sttwn^  "wU.  -l""''  "^■™'-''   -  '"  "  '  1.,  the 

^LS^wwaelT  aa  ll»-»  bo™ 't"  •"'•*^  ""  "  ,         ,   i„i„. 

InStotat^lioB-      In  th-  e™'  eipe-lment  !_•■;''  >•■  ^  —  u-.^l,  aiH  ,li,i«  t.;l r  p,,.tme  al- 
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By  way  of  eiiforciiig  the  statement  that  ilejeclious  of  ty phtiiil  [mtieute 

Ubould  not  be  nllowed  to  pass  iiitu  streams,  or  to  be  eveu  cast  ou  to  the 

pround  before  thorough  sterilization,  ami  also  to  farther  iudicate  the 

[irobable  vitality  of  the  typhoid  g-trm,  we  may  refer  to  uoother  illus- 

.•tnitive  case,  which,  while  often  referred  to  in  sanitary  literature,  may 

Btill  be  once  mure  proHtabiy  reproduced  by  reason  of  the  many  nsefid 

doduetious  to  be  drawn  from  it.     The  case  referred  to  is  that  of  the 

^■outbreak  of  typhoid  at  Lausen,  Switzerland,  iu  1872,  the  faots  in  regard 

^Mo  which  are  an  folK>w8 : 


T\THoiR  Feveb  at  Lauben,  Bwitzebland. 


The  house  at  A,  Fig.  2,  contained  a  number  of  cases  of  typhoid 

lever,  during  thu  Hnmmer  of  1872,  the  tii-st  oL-cuiring  on  June  HI,  fob 

lowed  by  recovery  iu  September  ;  the  second  on  July  10,  with  recovery 

in  October :  there  were  also  two  mild  eaaea  of  short  duration  iu  August. 

The  dejections  of  all  these  caaes  passed  into  the  Furleu  brook,  tlowing 

J  ear. 

At  about  the  point  C  there  is  an  area  of  land  wliich  it  was  ciistora- 

'arv  to  irrigate  each  year,  from  the  middle  to  the  hitti-r  part  of  -Inly, 

_\Vhile  the  irrigation  was  in  process  this  yeuv,  tlie  public  well  of  Laii- 

su,  at  D,  became  so  turbid  luid  foul-tasting  that  many  people  gave 

'up  tisiTi;:  it.      This  well  iHstrilmtes  water  througli  u  wooden  pipe  to 

_fonr  pnlilic  pump.-J,  marked  on  Fig.  '2  by  dots. 

At  that  time  Lausen  was  a  village  of  78(1  iuliabitants.  living  iu  SJO 
aouses.  Its  l(R'ation  is  on  gravelly  soil  from  35  to  05  feet  above  the 
firsholz  brook,  the  elcvatirju  of  which  is  about  the  elevation  of  the 
fround-waler  under  the  village.  The  hist  epidemic  of  ty)»hoiil  fever 
HAn  in  181-t,  when  the  village  was  occupied  by  soldiers ;  so  free  had  it 

har^.  Thii  tAnk  had  previniiHly  hvrrn  fifcl^cl  with  hide  tapa  at  ililferent  Ipvelfe,  in  ordirr  f^  tv^t  the 
■!C.^r)ul  ooDnit"ition  of  the  cli;«:™iiiiiy;  fluiH.  «i..>|i  !iv  fU:i<.  \Vheiifvor  it  "in  detiri'd  to  iiaf  thi-no 
,  Uii'y  ^Tc.re  limt  et<<i'iLiE4vL  hy  rliri^ciinij  KgiiinnC  thcni  tho  fl&mc  uf  a  pliimltorV  nftphtha  hilTUFT» 
fiMrviiiit  eTttci-tmunt  Ch"  tlni'l  ui^U'-ot'"!  ffi.TTi  mch  a  tap.  one  fiK>t  fritm  the  mirfad.  >ev.?n 
«  ^ifwr  th.;  application  ci^iirAini'il  liii'^'fliu  /*r'i'lii/iiiM-ix.  The  oHtti.pw  fioni  the  nuTno  tiip. 
aliii:M>«  Int^r,  al4.j  rontAini-ti  thi*  fim-L:i''«,  ma  it  14)  tfiat  rrviiii  a  tap  thii  tv  inutt<-t^  frorrt  lliv  Aiir- 
*.  Iwrlio  niifmti.»  afttr  appiiMtirjii.  It  vaj.  not  liHikrd  f.ir  in  the  afftininl  on  this  'lay  (Niiv.  31, 
0^1,  Imt  W4A  fiiiiDil  in  tlio  elHii'-'nt  of  tiie  ^nd  on  thi^o  nepnral-c  trioLa,  afi  weil  aa  in  that  frtmi 
■  ttiiity-ini'h  -liiici  tap  It  wiw  aNn  fouiirl  in  thp  efllnent  of  iho  nunie  tank  three  <iayi  ■ftw  tlie 
hT'Ti''»tiori  i  X(»v(.«**jer  *H}-  ar'I  Bcri-nti'i'ii  iIrvr  after  (necenili^r^K  It  wan  not  f'mju[  at  any  latfr 
L>»|..  anil  Although  IminlnHli  i>f  examinntioNH  of  tUv  eUliient  i<f  Ihi>  t-wk,  aiirl  of  die  un:)  niniiKW. 
Qit  (t,  liAi-:  tflh^Q  i:aaile.  it  htvi  never  Ih.s-ti  fomul  tiner.  The  eonoUn^ion  in  inevitatile  tliat  it  xpeiNl- 
ly  dliHl  oiiL 

Th»  n.>t  Tip-iiment  wa*  upon  a  tunic  of  ■iniilat  material,  Tank  Na  1-1,  on  Di^o,  5,  ISsH,     As 

»»orp,  threr  tube*,  or  thirty  utiliie  [-en  time  tern  of  a  rich  ct^itnre  of  B.  prytilii/inniin,  wtro  ap- 

_linl  in  tile  tcwu^  ohaT>;e.     On  tbr  Tth  this  f^peoie^  was  foiind  in  the  effluent,  an'i  alno  on  tfie  Htn, 

'  ■It.-r  wbiuh  it  iliupt'eatLil  oumplatcly.     Apparently  it  died  out  even  more  speedily  than  in  the 

fifnt  Htjwrimfiii* 

Pfirther  enj^Tiinp^nta.  nonle  at  the  IjivrreiiM  IC*|>Prinient  Sijttinn  in  IS^'l  and  1MI"J.  and  ;civcti 
tnaiil  Itoiit  Ma>«.  ai  Hllh.  (lt<9n-!'h,  pp.  ftM-T,  ahow  aeveral  inslancet  of  mmpletc  and  nrsTly 
complete  rvtnnral  of  thr  Itrn-UU  tttjift""ii\  protU'riimun,  iiifi  r-*iiiiiii'ni-y  anil  thi?  booillna  of  oaiud 
water.     An  aceonnt  u{  thcie  exjierinienlii  waa  given  in  Eng.  Newa,  vol.  iiix.  p.  19  (1106). 
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Deu  from  typhoid  that  not  a  siogle  case  bad  occurred  elnce  1865,  when 
,  few  were  imported  fi^om  Basle. 

Tile  Jirtit  case  oceiuiiup  in  tho  Louse  A,  iii  1872,  was  tlioujrlit  to  hav© 
ln'i'u  imported,  aa  tho  piitiout  had  been  away  from  Laiiseu  during  the 
period  of  infectiou. 

t>u  AujTHst  7,  1872,  in  persous  iu  Lausen  were  attacked  with  typhoid 
fovcr ;  from  tlie  7th  to  the  16th,  oT  ;  from  the  7th  to  the  28th,  1110:  aud 
in  September  aud  October,  30,  after  which  the  epidemic  ceased;  8 
canieii  were  fatal. 

Of  the  130  cases,  every  one  had  used  the  public  water  supply  from 


Fia.  ».— MiP  or  LArsEx,  SwimcxusR. 

the  veD  at  D.  Xot  one  cue  oevorrea  ntaoag  those  who  dnnk  otfa«r 
vatef  onlT-  'Chos  the  fi  hovaes  narked  K  an-  supplied  Eram  th«ir  own 
pcinte  welk :  in  them  oolr  two  penoos  w^tv  takoo  ack  with  the 
feivr.  sad  it  was  tonad  thai  t^my  had  ctrunk  thi-  pablie  wnter  when 
away  (rom  home. 

On  lookintr  i"^  ^^  mattcT  it  vme  (ovml  that  in  ISGJ  m  bote  in  ths 
MT^  hmi  eptMuvd  at  th«  point  B,  (t  iMt  tU-ep  aud  9  (eet  wide,  which  ' 
dbdwed  al  its  botttiai  •  nmning  strewn.  app««itly  fed  by  the  Fiulea 
tcDok  from  a  point  higher  op.  A*  th«l  tintv  the  bwok  was  I«d  into 
Ofehofe,  with  thr  rwalt  thai  thr  water  all  diMpppkred  and  in  an  hoot 
or  two  strw»a»d  ont  a»  the  wdl  1>.  showing  a  eunnectiui  which  hadj 


TrPJIUID    FRVER   IS    MASSACIltlSErrS   CITIKS. 
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aen  suHpented  foi-  years.     On  ipfiUiug  the  hole  the  bi-ook  returned  to 

bed. 
At  the  iiivestifcatioii  iu  1872,  after  the  epidemic  hud  ceased,  the  hole 
lli  wiLs  reopeuod  and  ji  large  quantity  of  suit  thrown  in  ;  its  presence 
pHt   i}  Was  soon  (iscertaiued  liy  (.'lieinical  examination.     A  cousiderabln 
«|U:Lntity  of  Hour  was  also  added  at  B,  but  its  presence  oould  not  be  de- 

■  tected  at  U. 
As  a  ivsnlt  of  the  investigation  it  was  found  that : 

(1)  Tlic  Fiirlcu  brook  was  contaminated  with  typhoid  dejections  in 
(une,  July,  and  Angnst,  1872. 

(2)  The  contaminated  water  wjis  naed  for  irrigation  at  C  in  July  for 
ibout  two  to  three  weeks  before  the  outbreak  of  the  epidemic, 

(3)  This  irrigation  water  could  not  have  been  filtered  iti  any  proper 
sense  of  the  word  as  it  was  tnrbid  ond  foul  enough  to  cause  many  peo- 

[ple  to  discontiuut'  the  use  of  water  from  the  well ;  heme  : 

(4)  It    seems    fair   to    cont'Inde   that    the    g"erin    of  typhoid  passed 
through  the  ground  from  C  to  D,  a  distance  of  nearly  a  mile  without 

(losiug  its  vitality.* 

It  may  be  remarked  that  the  non-appearance  of  the  flour  at  J) 
ilthongh  frequently  cited  aw  proof  of  the  iudeHtructibility  of  tiie  germ 
sf  typhoid  fever  by  filtration  is  iu  reality  no  special  proof  ou  that 
Joint,  for  two  reaaous :  (1)  bocanse  the  paaty  nature  of  the  flour 
would  of  itself  conduce  to  its  quick  retention  even  in  coarse  gravel; 
1^(2)  in  the  case  cited  the  typhoid  germ  was  present  in  a  comparatively 
^Rapid  flowing  stream  which,  apparently,  entirely  filled  all  the  voids  of 
^the  gravel  for  a  considerable  space,  producing  a  case  of  rapid  continu- 
ous filtratioa  in  which  the  only  filtering  action  would  be  that  due  to  a 
retention  of  suspended  material  <  hence  before  it  can  be  assumed  that 
lie  typhoid  germ  would  not  under  any  circumstances  be  filtered  out, 
it  must  be  shown  that  all  the  voids  in  the  filtering  material  are  of  less 
lize  than  the  germs. 

In  considf.iring  questions  of  this  character  it  is  necessary  to  keep  in 
lind  the  distinction  between  continuous  filtration  aud  intermittent. 


Typhoid  Fever  dj  Massachcsetts  Cities. 

Ill  Table  So.  2  we  have  the  statistics  of  typhoid  fever  In  13  cities  in 
ji^Mai+suchusetts,  for  a  series  of  years,  both  Ijeforo  and  after  the  intro- 
^■action  of  public  water  supplies  from  sources  nearly  all  of  which 

■ 

■      i 


*  For  more  oomplcte  ■ooounti  of  the  opideroio  ot  typhoid  fevor  at  Liamen,  ■«• 

(1)  Tht  Lmi.-i-t  (Limdonl.  .riili-  \\  ISTfl 
r^l  Jour   Cliem,  Soci  .  .Im.i.',  187". 
nj  0th  R.-nt  Biv.  Pol.  Vnm..  i-  ^'Ul. 

(4)  Uept   fi'i   ;bT3,  Army  MmiI.  Di't'l.  [Englinh), 

(5)  Mth  All.  lt«pt.  Mbm..  Kl.  nU.  Ilisdtli.  p.  [:M. 
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'J'AHUC  No,  3.— TitH  Tkakly  NLTMiibii  nv  Qeatiis  i'iii)M  TvrnoiD  Fctbr  PKB  lO.OWi 

or   Tim    I'OI'l'LATlON    IS    TlMUTKKN    ClI'IEK  1»*  AlAriSACIIUaKTrB  BKrORE  AMD  ArTEU 
THK  iKTHOnUCTHiN  dC  I'UBI.IC  WaTEU  ^rPPl.CBS. 
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iiw  ivrtsiMidlily  fiv<«  from  st-w.-ipp  (."oiitmniuHtioii.  If  we  take  into  ac- 
voiiiii  tilt*  tlovi'loimn-iit  uf  jK<i<iitittiou  iu  thiit  state  an  illu!<trated  by 
the  inotv«sti  iu  t]ii.>se  13  cities  lor  the  20  years  frum  18T0  to  1890 
vrt>  caiiiiot  l>Hl  H<(iuit  tliat  liie  showintr  in  favor  of  pnre  wsiter  snpplivs 
mi  »  pr\'vi'ntiv»«  for  lypbi>t<t  fever  is  a  very  sti-oiij;  ooe.  In  Lowell 
ami  I*»-n>nct',  the  puUlie  wntiT-works  of  wIileL  were  i-on&tntrt4?«I  at 
nlHXit  the  san)t>  time  as  lhos«'  tivlmlab>d  (1872  autl  1875,  respectively) 
«e  liuil  th;it  the  Memuiac  river,  a  stream  kni>«ii  to  V'  Iwnlly  euntami- 
uat«-<l  l\r  »ewa;^,  was  seleeteil  auil  that  the  ty|ihoiil  rate  has  uot 
4l«q.'nNksei.t  ill  i-ither  towu.  In  Lawivuce  it  has  remaioed  the  same  as 
prcviotK  to  the  introtlu^-tion  of  the  public  vater  i^npply,  while  in 
Liint-il  the  rale  is  i-nti^i.leraMy  trrt-ater  for  the  |>erio*]  foUowia^  the 
iutrvxlai-tio«  of  the  Mtrrituae  river  water  tbiui  l»-fon', 

Ol  the  seventl  piwentable  ilisieasfs,  t.vitboid  is  the  be^^t  known  both 
in  il»  etiolotriwl  anal  imtboKhrii-al  as}»ecls;  anil  in  order  l>>  show  ila 
mliitftMi  to  |>ul>lic  he«)lh.  Table  No.  3.  whicli  has  been  couipiiei)  from 
tbe  twalth  tv|it>rls  uf  the  cititv  of  Kev  Yurfc,  I'biladelpbia  and  ilii- 
^1,  is  inclmli^l.* 


Tn-ut^r  Fevzs  xr  Xxw  Tou.  PHlLumffBl  &xi>  Cbuuio. 

Fi\uu  TiUv  Xtx  3  we  Umn  tkot  the  Je*tfet  ftwai  trphoiJ.  in  both 
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rdntivo  deffrce  of  pullutioit  in  tlie  water  eapplics  of  tbese  cities.  On 
tliis  puint  H  coutdileniblp  amount  of  evidence  is  subiuitteil  in  the  chap- 
ti-ra  followiitfT- 

The  I'ffect  of  introducing:  into  a  city  a  public  water  snpply  uncon- 
tHininatod  by  sewa^  has  been  nimost  universally  U>  materially  reduce 
tilt'  death  rate  from  typhoid.  In  order  to  illustrate  this  point  we  may 
ri'fi^r  to  Tablea  Xos.  'J  and  i. 

TvTHOiD  Feter  at  Bochesteb,  N.  T. 

Table  No.  1  pr^-yout-s  the  deaths  from  typhoid  in  the  city  of  Bochea^ 
ter,  X,  Y.,  by  mouths,  fi-om  1870  (o  1891,  inclusive.  Previons  to  the  y« 
1KT3  this  city,  which  then  iuul  a  population  of  nearly  74,000,  was  en- 
tiridy  without  a  public  water  supply.  Water  for  dc'mestic  purpost-s 
wjis  ilniwn  from  shallow  wells,  which  in  tlie  course  of  time  had  beconn- 
bndly  polluted  throngfa  the  operation  of  soil  saturation.  The  oxt«-ut 
of  the  polIutioQ  mas'  l>e  apprtviated  by  considering  the  reanlts  ol 
tieries  uC  analyses  of  the  water  of  40  wells  made  in  187T,  when  it 
found  that  the  «Ten»g<?  amonut  of  soiliam  chloride  per  V.  S,  ^lou  of 
th<'  well  water  was  lfi.78  grains.  The  normal  smlinm  chloride  of  the 
nviuB,  as  detennine^l  fi»m  an  nnpollnled  well,  was  1.36  gnuns  per 

TAU.B  Ntv  4— STumwx  or  TmniD  Fkvi»  at  BocsBnva,  N.  T    r*tat  1870  n* , 

tsn,  txcuwrm. 
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At  the  same  time  the  avonif^e  iimouiit  of  sodium  cliloriile  in 

ipU'9  of  awwiiye  collected  from  uiuu  of  tliu  pi'iucipal  sewei-s  of  tlit; 

Sty  was  fouuil  to  bo  5.26  gruiua  per  ^iilion.     In  aome  of  the  bjuily 

"tolluted  wells  free  ammouia  was  foniul  to  the  amoimt  of  1.5  ^aiiiB  per 

talluD,  ami  albuminoid  ammonia  0.5  grain  per  gallon.* 
With  a  water  supply  of  this  character  it  was  inevitable  that  sickness 
[  all  kinds  would  rapidly  increase  and  we  aoeorcliugly  find  the  typhoid 
ite  II)  per  10.000  iuhubitauts  in  1872, 
In  January,  1874,  a  partial  water  supply  was  introduced  from  the 
tenesee  river,  which,  while  not  suitable  for  domestic  purposes,  was  still 
of  value  by  rea-sou  of  furui.-ihing  a  means  of  flushing  sewers  and  assist- 
Htp;;  in  maiutaiuiug  the  general  cleanliness  of  tht;  tovm, 
^K  In  January,  1876,  a  domestic  supply  from  Hemlock  lake  was  intro- 
^Huced.     Its  use  rapidly  esteudt^l  among  all  classes  of  citizens,  until  in 
'      1K',I2  at  least  US  per  cent,  of  the  total  piipulatiou  used  the  water  from 
Hemliwk  lake  f<ir  all  iloiuestio  pur|>oses,     I-'roni  such  general  use  of  an 
nncontaminated  water  rtmulted  a  permanent  material  lowering  of  the 
typhoid  rate,  as  indicated  in  Table  No.  4. 

The  detailed  statistics  of  typli'Jid  at  Rochester  show  that  in  1878  to 

1880,   the  death  rate  from  the  disi^aHe  was  only  2.05  per  10,000  of  the 

population.     During  those  years  the  use  iif  Hemlock  lako  water  was 

,      ext.'nding  very  rapidly,  and  by  the  end  nf  1880  the  use  of  the  uucon- 

^Kiininated  water  had  become  nearly  universal  in  the  localities  most 

^^ff,;cted  by  typhoid  fever.     .\  marked  rise  in  the  typhoid  death  rate 

I  began  in  1881,  which  has  continued  permanent  to  the  present  time, 
treraging  3.51  per  10,000  for  the  period  1882  to  1891.     The  reason  for 
nis  increase  is  apparently  as  follows : 
I  The  city  of  Rochester  is  situated  upon  the  Grenesee  river,  a  few  miles 
louth  from  the  point  where  the  river  empties  into  Lake  Ontario.     Tlie 
aver  now  receives  tlie  crude  sewage  of  over  one-half  the  population, 
pid  in  the  near  future,  when  constnictions  now  under  way  are  com- 
^ileted,  will  receive  it  all.  or  the  sewage  of  a  population  of  say  140,000. 
_Tbe  total  fall  in  the  river  in  its  course  through  the  city  is  about  2G(i 
st,  the  major  portion  of  this  being  included  in  the  three  fails  known 
the  Upper,  Lower,  and  Middle  falls  of  the  (Jeuesee,     The  balanee 
total  is  included  in  several  reaches  of  rapids.     A  short  distancf? 
the  Ijower  fall  the  river  has  found  the  upproxintate  level  of 
Ontario,  and  then  changes  its  character  from  that  of  a  shallow 
tfpjun  with  alternating  falls  and  rapids  to  that  of  a  stream  with  slng- 
'gish  flow  in  n  deep,  widi'  channel.     From  this  point  to  the  lake,  a  di«- 
iiice  of  u  trifle  less  than  0  miles,  the  channel  is  from  about  300  to  500 

•Report  to  the  Board  of  Hraltli  Mnd  tlir  Bxpcntive  Board  of  the  oity  ot  RtMhcatpr.  K.  T.,ln 
t  U>  the  obtmiml  eiaminati'm  nf  »\tn)ileii  uf  wnler  from  (impocted  wella.     By  Profauor  S.  A. 
In  Ad.  Rapt.  Ex.  Dd.,  Cit;  of  Kuuheiber  tor  18TT. 
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teet  iu  width,  with  aa  ATera^  depth  for  the  greater  portion  of  the  dis- 
taura  of  «boat  24  to  So  feet. 

The  river  rises  in  Potter  oonnty,  Pemmylvaiiia,  and  flows  uorth 
M.TOMS  the  state  of  New  York.  A  coiisiile ruble  portion  of  its  drainage 
wes  is  chtira<^erize<l  by  steep  slopes,  and  the  stream,  iu  eonsequeiice. 
responds  quii'kly  to  a  niiufaU.  The  urdiunry  llood  dow  is  perhaps 
35,000  cabio  feel  |>er  seL-uml.  while  itt«  mjuimuu  llow  is  na  Ion  iis  1^0 
oabic  feet  per  seeoud.  Heiice  during  the  time  of  minimum  How  the 
Telocity  in  the  deep  water  l>elow  the  Lower  fall  is  very  sU>fhti  at 
times  it  does  not  exceed  1  mile  iu  'M  hours.  Into  such  A  body  of  at 
tiiDQS  nearly  still  water  the  sewage  uf  over  oue-Iialf  of  the  |>o|^iuIation 
is  BOW  diachar^etl,  although  before  i«uehiu^  the  deep  water  it  tias 
passed  over  th«  Middle  and  Lower  fulls  and  the  intervening  rapids. 
W  small  portiuu  baa  further  passctl  over  the  l'p|ier  fall.) 

The  river  i-arries  a  eousidernble  amount  of  silt  in  suspension,  and  in 
tiaes  of  tow  water  a  rery  thorough  sedimentation  takes  place  in  the 
apper  reaches  of  the  still  water.  During  high  water  the  retoctty  is 
soScieut  to  sweep  the  pre<-i)>iialed  matter  out  iutu  the  lake,  as  is 
proreD  <ll  by  the  chann«-l  maintaining  »  nearly  uniform  depth  fn>m 
jeartoyear;  ami  (S)  by  the  formation  of  a  bar  off  the  mouth  at  the 
Uke. 

.Vbout  1880  a  Dumber  of  large  hotels  were  txiustrui-tetl  on  the  lake 
beach  not  far  from  the  mouth  of  the  tiene^ee  river.  Nnnierons  cottages 
were  erected  and  there  soon  gathervd  alKint  and  near  the  rivurs  mouth 
acoaaidentblesnmmt-r  pitpnlation.  I'i^usisting  alm><i«t  rntirely  of  citi- 
aaas  of  Bodiceter.  (>n  Snudays  and  holidays  it  is  no  uurommou  thing 
for  &om  £,000  tu  30,000  pet>ple  to  visit  the  lake  be»ek.  I>rinking 
valer  issuppliin)  through  piix-s  whiih  lea<1  a  ijiort  distance  into  the 
}ak»,  hmI  thnmgh  whii'h  at  tim--s  thv  sewage  jiolluted  water  itf  the 
QeMsce  river,  mixed  with  lake  water,  is  drawn. 

WHh  tho  inlonaalMa  at  hand  thete  seems  reatiou  to  iufer  that  the 
frrowth  \4  tb»  rmwirr  nworta  at  L«ke  Ontario  and  the  (i>aseqaeut 
drinking  by  ■  targe  number  of  eitizens  of  a  seriuosly  polluted  water. 
Ins  directly  ctmtribabnl  to  nearly  doable  tbe  typhoid  rate  ld  the  city 
at  Bocltester.  The  jiitiwii  ct  the  Oiot-go  <if  pu|mUtioa  to  the  Lake 
u  (ofriMr  shown  by  the  tnnvsfte  in  namlier  ••(  deaths  fntm 
lan-T  iu  tbr  BKMttasof  )Uy.Jnne.aD.lJulv  in  18S9. 1890.  and  1891J 
^DBtbs  bein^  na«aUy  free  fioin  that  disease.  .\s  the  matter  ataiuls  a 
warn  3b?  is  Ibliowed  by  «n  inntrve  in  the  tyi>hoid  death  nte.  eit 
IB  the  Inttvr  iMWt  of  the  M^nth  *w  in  iW  lidhtwing  month  nf  Jnite. 

We  haw  hi-f»  the  cnae  ol  •  city  whiA.  pmin-riv  •'«oagfa.  has  s|>ei; 
sereral  i»nfr*<  doQaia  in  prucnrinf  an  oncontaminated  water  snpplj 
hot  in  wUdi  a  lade  at  dear  views  no  sanitary  qoeMtjons  has  letl  In  a 
eoMlitita  ol  afiuis  which  in  n  OMandctnhb  dcKM  negatives  the  result 
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of  the  large  espenditure.  Tlie  cunditions  at  the  present  time,  while 
the  Qenesee  rivet  receives  only  one-half  the  sewage  of  the  city,  are 
alarming:  enough,  in  view  of  the  statistics  here  presented;  when  the 
river  receives  the  entire  sewage  of  the  city,  a  still  further  increase  in 
the  typhoid  rate  in  summer  may  be  expected. 

The  Fundamental  Piiopobitios. 

From  the  consideration  of  a  large  number  of  cases  similar  to  the  fore- 
going we  derive  the  conclusion  that  cnide  sewage  should  never  be  dis- 
charged into  any  body  of  "water  used  as  a  water  supply  at  any  point 
within  the  intlueuce  of  the  sewage.  This  statement  may  be  considered 
the  fundamental  proposition  of  modem  sewage  disposal. 

In  the  following  chapters  we  shall  discuss  the  various  cognate  ques- 
tions requiring  consideration  in  onler  to  determine  how  the  indis- 
pensable pnrificatiou  may  be  beat  attained  in  any  given  case. 


OHAPTEE     II. 

THE  INFECTIOUS  DISEASES  OP  ANIMALS. 

The  subject  of  water-borue  cominuiiii'ttble  ilicieaseo  of  liiiniati  beings 
may  be  cousidered  us  sttrndin^  closely  idlied  to  that  of  the  commiuii- 
cable  infectious  diseases  uf  auimali* ;  and  while  this  important  branch 
of  thtJ  g'eneral  subject  liiis  not,  aK  a  whole,  received  the  atteutiou  which 
it  deserves,  we  still  have  accuundated  iu  the  last  two  or  three  dccaden 
a  considerable  body  of  information,  some  of  which  will  be  referred  to 
Lere. 

Definition  ok  Terms. 

In  this  discussion  the  word  iufection  will  be  taken  as  opposed  to 
oontapriou  lu  the  sense  that  contagious  diseases  are  only  conmmui- 
cated  by  immediate  personal  contact,  as  by  touching  or  by  bivathiug 
the  breath.  Infectious  diseases  will  I>e  considered  as  those  which  may 
be  coraniunicated  through  cousiderable  space,  as  typhoid  fever,  the 
germ  of  which  may  be,  as  already  pointed  out,  borne  Ion-?  distances*  iu 
water.  Under  these  definitions  it  is  apparent  that  some  diseases  are 
both  infectious  and  contairious  (tuberculosis,  for  example),  thouffh 
such  are  for  convenience  here  referred  to  as  iofectious  only,  the 
present  discussion  having  no  reference  to  their  oommunicability  from 
the  contttfrious  point  of  view. 

It  has  already  been  stated  that  some  of  the  infectious  diseases  are 
commiinicablo  from   men  to  animids,  and  from  animals  to  men  ;  and 
the  opinion  is  rapidly  gaining  ground  that  the  animal  diseases  com-^ 
muuicable  to  human  beiu^s  have  a  gi-eater  influence  over  health  au^ 
life  than  has  been  generally  supposed.* 


Important  Inter-commtnicable  Diseases. 

Among  the  water-borne  communicable  diseases  of  animals  which 
have  either  been  proven  also  cooimou  to  man.  or  are  strongly  suspected 
of  beiuR  so,  may  be  mentioned,  as  of  great  importance,  glanders,  hog 
cholera,  Texas  fever,  anthrax,  tuberculosis,  and  itctinomycosiu.  All  of 
these  have  been  widely  prevalent  among  animals  in  this  country  in 
recent  years,  and  if  in  any  way  communicable  to  mau,  every  opportunity 
for  their  dissemination  by  running  water  has  been  offered.     There  are 

■  lit  it<]>t  Bean.  Ad.  Ind.  {M«*}.  p.  la. 
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Je  ijuiiiber  of  otlier  iiiffi'tious  disoHses  of  auiiuaU,  jirobalily  a  score  in 
tall,  but  with  tlio  exfeption  of  Texas  fever,  uoiie  of  sucli  diseaaes  ma 
Iregarded  as  having;  origiimted  in  this  country.* 


Ban' 


Glasdebr. 

The  first  of  the  important  diseases,  glanders,  is  a  specific  infectious 
diacasf  especiully  peculiar  to  horneH.  but   also  ciipiible  of  tniusmis- 

rsion  to  nieu,  sUt-up,  dogs,  cats,  and  somt'  of  thu  rodonts;  whether  ho^s 
■re  susceptible  to  it  is  yet  uuceiiain,  but  horned  cuttle  and  domes- 
tic fowls  are  stated  to  be  proof  against  it. 

The  seat  of  the  disi.'aHe  is  either  (1)  the  lyniphiitic  glimds,  (2)  the 

lucous  meiubnine  of  the  nasal  and  respiratory  tract,  or  (3)  the  lung's 

md  spleen.     The  definite  genu  causing  it  is  BavUluii  mrtllel.'f  discov- 

'ered  by  LolHer  and  Schutz  in  1882,     It  classifieM  with   the  spwifie 

diseases  caused  by  a  germ  ( Sap rophy test,   which   when   phiutecl  in 

^klie  tissues  of  an  animal   body,  developes   therein,  but  which  exists, 

^Baaturalty,  as  a  spore  outside  the  animal  body. 

^B    Although  in  one  form  of  glanders  the  discharge  from  certain  ulcers 

^■uay  be  a  source  of  infection,  the  germs  are  transmitted  chiefly  by  the 

^^asal  discharge,  by  scattering  the  germs  promiscuously  in  feed-boxes, 

watering- troughs  and  the  like.     They  may  gain  access  to  the  system 

by    way    of   the    digestive    tract,    when    the    discharge   is    present   in 

I  drinking-water  or  food.     So  far  as  is  known,  this  disease  is  never 
nir-bome.J 
I  Hoo  Cholera. 

Hog  cholera,  or  swine  plague,  is  an  infectious  disease  of  hogs, 
resembling  in  many  particulars  both  typhoid  fever  and  dysentery  in 
man.  The  disease  is  apparently  distinct  from  typhoid  fever  as 
imlieated  by  generic  differences  in  the  micro-organisms  producing  the 
two  diseases,  though  they  have  the  common  characteristic  of  each, 
being  the  cause  of  ulceration  of  the  region  in  and  about  the  intestine, 
rphoid  fever  appearing  in  the  lower  part  of  the  small  intestine,  and 
bog  cholera  chiefly  in  the  upper  part  of  the  large  intestine. 
Hog  cholera  is  perhaps  more  closely  allied  to  dysentery  in  man, 
lan  to  typhoid  fever;  but  our  knowledge  of  hog  cholera  is  still  U»t 
^imited  to  enable  us  to  say  definitely  that  its  bacilli  can  produce  dysen- 
L-ry  in  man. 
The  transmission  of  the  bacillus  of  hog  cholera  by  water  is.  how- 
liver,  a  matter  of  more  certainty,  and  it  may  be  taken  us  settled  that  it 

•  rnnU^oiw  Animal  Diienw*.  Dr.  Em  M.  Hnnt.    lat  Rept.  Bnu.  An.  lad.  (1884),  pp.  13T-M8. 

'  Cninlohank.  M»nusl  of  Buct^riologv.  W  prf.,  p.  :tW. 

:  GUnilon.  C-  A.  Car)',  UoL  So.  2a  (June,  IB91),  S.  D*k.  An,  Col.  vid  Ex.  SU. 
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is  a  wuter-bome  disease,  and  it  is  in  this  cooiiectioii  tliat  we  are  cbie6y 
iuterfisted  in  coasidering  it  here.  Ou  this  point  h  large  aniount  of 
evidence  is  presented  Ijy  the  recent  writers,*  who  conclude  that 
Ktreiuiis  are  perhaps  tlie  most  potent  agents  in  its  distribution.  Labo- 
ratory experiuKfnts  show  that  the  bacilli  may  not  only  remain  xlive  in 
Witter  for  four  months,  but  they  may  even  multiply  when  in  water  con- 
taiuiuated  with  sewage  or  other  organic  matter,  AsBtuniug  that  they 
will  survive  the  various  ailverse  iuflnences  likely  to  be  met  with  in 
Qiitnntl  water  only  two  mouths,  and  it  still  appears  pos^tible  that  an 
original  planting  at  tlie  head  of  the  longest  river  in  the  country  might 
infect  helots  throughout  its  whole  course. 

Experiments  have  been  made  by  the  biologists  of  the  Bureau  of 
Animal  Indnstrj-  U|ion  the  vitality  of  the  bacilli  of  hog  cholera  and 
their  resistimce  to  various  gerinicides  iletermineil.  The  general 
conclusion  may  be  dniwu  fnjm  the  expi'rimenis  that  they  are  some- 
vhst  tenacious  of  lite,  although  certain  reagents  properly  applied 
easily  destroy  them.t 

Texas  Fevkb, 

Esa^-t  information  relative  to  the  etiology  of  Tesas  fever  is  diffiealt 
to  obtain.  The  biologists  of  the  Burcnu  of  Animal  Industry  affirm  on 
the  one  hand  that  it  is  essentially  a  btood  disease  in  which  all  the 
sympttims  and  lesions  are  referable  to  the  destruction  of  red  corpus- 
cles ;S  while  on  the  other  hand.  otMrording  to  Paul  Paquin,  the  biol- 
ogist of  the  Slissouri  Agricultural  Colleg-e  Experiment  Station,  the 
germs  are  found  outside  of  the  bloo«l  corpusi'les  in  the  liver  and 
spleen,  under  conditions  apparently  iudicatiu?  their  presence  in  the 
blo4^Mt  as  an  incident  of  the  disease  and  not  its  chief  oanse.  Faqoin 
vvm-siders  that  the  ordinary  source  of  infection  is  by  ingestion,  the 
atme  as  for  ghuid.-rs  and  hog  cholera,  and  water  contaminated  bj*  the 
excrements  of  infecteil  cattle  is  mentioned  as  a  ptuUtic  method  of 
dissemination.§  The  biolt^sts  of  the  Bureau  of  Animal  Induatiy-  in 
their  last  re|tort  have  attirme<1  that  cnHle  ticks  are  chiefly  concerned 
in  spreading  the  disea.-;*-  from  one  jinimal  to  another.  For  the  present 
we  may  look  upon  Texas  fever  as  probably  one  of  the  water-borne  oom- 
nmicahle  diseases  ol  cattle,  although  the  evidence,  so  fnlly  estabti»k- 
ittg  it.  is  not  yet  at  hand. 

»S^a»PlH:mt.imCmatm.-S,tan,^Vntm,tiBa.    BjTn^S.  mUrngt.  BdL  of  Af.  Ex.  SM. 

•(  Swim  FW^  1^  ^'*^ 
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Dr.  Billings  iiHserts  pnsitiveiy  that  Tl'Xils  Ifver  "is  an  infectious 
Uiaeawe  of  a  very  miilif,'-uaiit  type."  He  points  out  thiit  it  is  indigenous, 
or  at  auy  ratu  iippaiently  coutined  to  tlie  moist,  hot  regiouH  of  the 
Soutli,  tuid  PoiieHponds  closely  with  yellow  fevor  in  man  which  is 
fouutl  ill  the  suiue  lucalititis.* 


Anthrax. 

Anthrax  \H  the  best  known  of  all  tlm  iufeotions  diseases  which  are 
iut£--rcoiurauniciibIe  between  animals  an{l  man.  Its  specitic  germ,  Ilail/- 
hig  an//iriu:  presents  in  its  life-history  nearly  every  phase  of  bacterial 
developmout.  It  iireseiits  <listinctive  features  which  prevent  its  con- 
fusion with  other  forms,  and  inasmuch  as  its  niorpholofricai  and  bio- 
logical characteristics  have  been  comjiletely  worked  out,  it  serves  ws 
an  excellent  type  for  giiinin<j  acquaintance  with  the  methods  employed 
ill  studying  micro-or^ranisms.t  AVhen  (jccurring  in  animals  the  disease 
is  knovni  as  Charbon,  splenic  fever,  or  simply  as  anthrax,  while  in  inau 
it  has  been  variously  denominated  wofil-sortei's'  disease  and  nialijrntiit 
pustule.  In  both  man  and  :uiimiils  ingestion  is  considered  a  chief 
sonice  of  infection,  althoug'h  there  are  other  sources,  us  with  most  of 
these  iutereomniuui cable  infectious  diseases.  Flowing  water  is  men- 
tioned as  one  of  the  methods  of  disseiniiiation. 

A  number  of  years  ago  tlieit>  was  an  outbreak  of  wool-sorters'  disease 
among  the  operatives  of  a  large  woollen  fivctorv  at  Bradford,  England. 
At  the  same  time  the  diseitse  appeared  among  cattle  feeding  in  a 
meadow  tht'ongli  wliich  flowed  the  stream  receiving  the  washings  from 
the  factory  whore  the  wool  sorters  were  sutTering  from  the  disease.! 

There  is  a  modified  variety  of  the  disease  among  cattle,  known  as 
i)lack-leg.§ 

TUBERCULOSIH. 

Tubercnlosis  has  also  received  a  large  amount  of  attention  since  the 
Dew  views  in  relation  to  germs,  as  the  specitic  cause  of  infectious  dis- 
eases, grew  up.  Its  existence  in  cattle  as  well  as  liumau  beings  has 
been  known  for  many  years,  but  it  is  only  in  the  last  decade  that  the 
evidence  has  been  accumulated  which  enables  the  positive  assertion 
to  be  made,  not  only  that  bovine  tuberculosis  is  communicable  to  man, 
but  that  human  tubeivnlosis  is  communicable  to  a  number  of  the  lower 
mimals,  as  cattle,  dogs,  cats,  and  fowls, 

•  Pnnk  a  Billings,  The  R«l«tionii  of  .\ainiii]  Piseuci  to  the  Piibtio  Hoalth  (IS3*),  p.  130. 

*  Crooluhftnk.  Mmnml  nf  tliu^t'itiiilogy,  :li'l  eiL,  pp  :ilA.n~n, 

I  FW  wme  of  the  mnrc  impurtniit  pninU  til  relation  to  Antlinm.  see  Roptirt  nii  Anthi»i!  in  Gtti 
An.  Itipt.  Pcnv.Bd.  Hc&ith  <if  Ontariii  (l^^l 
f  Ulftck-kg,  by  Paul  Poqain,  B.il.  No.  13,  Hu.  Ag.  Col.  Ex.  Hlk.  (Jiine.  IHW), 
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AtTINOMYCOSIS. 

Actinomycosis  has  during  Heverivl  yeiirs  past  been  observed  in  dif- 
ferent pjtrts  af  tlie  (.-ountry.  tiMjiecialty  iit  tlie  Chicag'o  etock  yards, 
wliere  il  liirge  imiulw-r  of  uattle  are  assumbled.  Tliu  diMt-aat;  biiK  long 
be«ii  known  in  England  under  various  local  desiguatinua,  but  it  is  only 
since  the  conipreheiisivo  studies  of  Crooksbimk  (18S7)  that  the  inter- 
correlatiou  of  tiit;  various  forms  luis  been  fully  pninted  out. 

In  cattle  the  diseiiMe  appears  lirst  as  a  swelling  in  the  lower  jaw, 
subsequently  spreading  to  the  upper  jaw  and  neighboring  parts.  In 
man  the  Myraptanis  are  sometimes  tlume  of  chronic  bronchitis,  accom- 
panied by  fetid  espeetorations.  It  also  invades  the  bones,  causing 
caries. 

Paqnin  states*  that  some  cases  of  actinomycosis  in  man,  like  cases 
of  glandera,  are  not  recognized  as  such.  A  case  in  Sonthem  Missouri, 
whicli  local  physicians  designated  by  various  names,  was  probably 
contracted  by  drinking  at  the  same  trough  with  an  iix  which  was  suf- 
fering from  actinomycosis  at  the  lower  maxillary,  The  lesions  in  the 
man  were  in  one  of  the  maxillary  iiriicuhitions. 

The  cause  of  actinomycosis  is  a  fungus  closely  resembling  Cfcdotlin'x, 
which  may  be  detected,  in  tin-  fresh  discharge  of  a  bovine  tumor,  with 
the  naked  eye.  In  man  the  ajipearaure  of  tlie  fungus  is  somewhat  dif- 
ferent, bnt  inoculation  experiments  have  proven  the  interndation.t 

In  discussing  the  preceding  communicable  diseases  they  have  lieen 
considered  aa  communicable  chiefly  by  ingestion,  that  is.  by  passing 
into  the  digestive  tract  in  food  or  drink,  and  gaining  access  to  the 
physical  economy  through  some  of  the  delicate  membranes  with  which 
they  come  in  contact,  Tuberculosis  is  frequently  communicable  in 
this  wav,  but  it  is  further  conveyed  from  one  animal  to  another,  from 
one  person  to  another,  or  from  persons  to  animals  and  rii-e  v^rm,  by 
lireatliiug  tlie  breath  J  The  method  by  which  actinomycosis  is  trans- 
mitted is,  like  Texas  fever,  not  yet  well  settled,  although  drinking-water 
and  food  appear  as  the  more  usuid  sources  of  infection. 


Typhoid  "Fever  in  Animals. 

The  foregoing  six  diseases  include  the  leading  diseases  of  animals 
which,  by  reason  of  prevailing  extensively  in  recent  years  in  this  coun- 
try, are  of  most  importance  in  the  present  connection.  They,  however, 
do  not  exhaust  the  list  of  diseases  common  to  animals  which  may  be 

*  Aotinomyrotii,  Thr  Bsrt^rioloelckl  Wni'l-I.  rol  i  ,  No.  I  [Jiitic,  IROI). 

t  AstiDomyc '•,  OtDokiUnnk.  Mmmul  i>f  ltii<!iorictl'>Kf,  -In)  ed  .  p,  U7U,  and  fnllowioe.  At*a  aeB 
Teot*uL  rcportfi  uf  wiri^nil  of  th^  St!4l«  B(Hin!>.  oF  FlfrAkh- 

]  TulHTcnlunis,  C'liH.  H  Frnuilit,  Uul.  No.  S  (Jku.,  ISIJUl,  Hstub  Bx.  8U  ot  the  Maw  Ag.  CoL 
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considered  as  water-borne,  uiid  wliit-li  are  possibly  in  some  degree 
intercom  in  uiiicablf.  Inveetigiitioiis  Lnve  been  made  iibroad  by  Klein 
and  otber  biii'tt-'riologistu  in  rcfert'iiL'i?  to  the  possibility  of  iufectiag 
animals  witli  tme  typUuid,  and  in  tlii.s  t-ouutry  Dr.  Vii'tor  C.  Vaugbau, 
of  the  University  of  Michigan,  has  succeeded  in  producing  tyitboi<l 
in  dogs  and  cats  by  inocidation.*  There  are  in  addition  to  the  fore- 
going some  rejisuus  fur  supposing  thiit  typhoid  fcvfr  is  common 
aiaimg  animals,  in  so  modified  a  form  as  to  be  genarallj'  unnoticed,  al- 
though the  germs  from  their  dejecta  may  produce  the  true  typhoid  in 
human  subjects.  A  fi^w  words  about  the  theory  of  the  propagation  of 
the  disease,  in  addition  to  what  has  been  said  in  Chapter  I.,  will  make 
this  plain. 

The  specific  niiei-obe  of  typhoid  is  a  bacillus  which  forms  spores 
within  itself,  as  already  referred  to  on  page  7  ;  these  8]iore -hob ling 
bacilli  may  be  expelled  in  myriads  in  the  fa'ces.  The  resistant  power 
of  the  spores  has  been  also  referred  to  on  page  7,  and  the  further 
statement  may  be  made,  that  under  favorable  circumstances  the  spores 
art-  preserved  for  an  unknown  period.  There  can  be  no  typhoid  fever 
without  either  the  bacillus  or  the  spore,  and  the  fact  that  this  disease 
has  many  a  time  attacked  travellers  iu  regiou.s  nniuhabitable  by  hu- 
man beings,  but  iu  which  various  wiM  animals  abound,  may  be  fairly 
taken  as  indicating  the  prevalence  of  the  disease  among  the  animals 
there,  with  the  existence  of  the  spore  in  their  dejecta  the  same  as  in 
the  stools  of  human  beings.  In  a  number  of  well-attested  cases  trav- 
ellers have  been  attacked  after  drinking  from  water-holes  to  which 
wild  animals  also  came  for  drinking-water  in  times  of  drought.  Again 
cases  have  occurred  iu  civilized  regions  where  the  most  exhaustive 
inquiry  failed  to  reveal  a  pre-existent  case.  If  we  admit  the  agency 
of  animals  as  caniers  of  the  germs,  the  explaiiation  of  very  many 
SQch  cases  is  greatly  simplified, 


Blvth'b  Theory  op  Typhoid. 

According  to  BIyth,  however,  the  most  reasonable  theory  is  that 
the  cause  of  typhoid  fever  is  a  vegetable  parasite  capable  of  existing, 
piopagating  its  kind,  and  completing  its  cycle  of  existence  indepen 
dent  of  an  animal  body ;  probably  its  normal  existence  is,  like  glan- 
ders, that  of  a  Saprophyte,  or  plant  living  upon  dead  organic  matter. 
Hence  its  endemic  prevalence  in  places  where  its  presence  cannot  be 
traced  to  a  pre-existing  case,  and  hence  the  mysterious  isolated  out- 
breaks which  from  time  to  time  occur.t 


•  Ittth  An.  lU'pt.  Mioh.  Si.  Bd,  Hnlth  (18811),  p.  xlvl. 
t  Bljtli.  A  Maiiiiul  ,>f  PubUo  HciklUi  (IfW).  p.  501, 
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The  ExTitzoic  Diseases. 

The  entozoic  diseasea,  wliiltr  invftsive  rntber  thiui  iufections,  are  also 
vuiumuii  ti>  iiu'n  hikI  ituim.'il!^ ;  lliey  are  of  iDtiT<?st  iti  a  diwussioii  o£ 
sewiijrw  «)Ulit>s.tl  ln-ciiHSi'  titf  advocatpii  of  the  utimeions  prfi^ipitatioti 
lirucfsstts  h»vp  at  out'  lime  sotuewlist  vigroroiisly  mKist«-il  that  sewage 
farms  umsl   lucvititbly   bwome  ceutres  of  distrUmliou   for  eutoKoic 

At  prpseot  the  arjniuieiit  a^iusl  im<;ftlioii  ileriveil  from  the  as- 
Kuiued  <listnbutu>u  of  eutozuic  >:\-niis  hits  littlr  wei^lit.  and  Mr.  Slater, 
whiHM-  U>i»k  is  the  rwviit  iiiilhoritiitivu  expositiou  of  th«  views  of  the 
Kus;lish  )ireci|iitMliuutsti>.iD  his  vkapteroa  irrigatutn  does  not  uentioo 
it  at  alLl 

The  Tape  ob  Lvtktdjal  Works. 

The  euttKoa  are  of  iuleivst  in  the  present  connection,  not  only  from 
tbrir  iwrasitio  life  iu  nieu  and  animals,  bat  because  a  common  method 
by  wbu-h  tlK-y  gain  *cc«8s  to  the  hnnuut  economy  is  fiom  drinkioir- 
water.  They  an-  characterised  by  a  remarkable  developmeat  of  the  re- 
Itrudoctivp  systom.  A  common  form,  Tmia  Wikm,  the  tape  worm, 
hatt  nwtber  month  uor  stomach,  the  stvcalletl  Leanl  bein^  mert-Iy  an 
otlgMi  for  attMchm^at.  th^  nniui-ritu^  sc^nii^nts  of  the  t>o<ly  each  citu- 
tainiajc  within  ibw4f  the  ueoes^sary  g:«ucfativ«  apparatus  to  ebat^le  it 
fertitiie  and  nialuiv  its  own  aumfroos  egjRi.  The  Tylations  of  Ttruin 
to  cystic  cntivo.-!  which  inhabit  the  unscles  at>d  gLauds  of  bo^  and 
■lM0p  has  Ikcen  shown  to  b»  very  closer  they  are  in  fact  the  ^«nie  form 
liatifii  d  hy  the  enTinwuaent.  Other  forms  of  entoxua.  amoiiff  which 
jlatmrvt  htmirmidm,  the  common  int«stiaai  wurm.  may  be  eottsidefvd 
tjpie*!,  iailest  the  iHliHtiiwi  of  almost  cwry  Tertebrat«d  anaal,  their 
•f:^  patfina^  teadSjr  frooi  on*  to  the  other  thiVBgh  the  Bediiua  of 
<biBkinr-watt!r4 

.is  Iowa  Cjise. 

M.   Sulbr  «nn«  an  iatnwtiiM;  aceomt  «t  «  •■*«•  orthnak  of 
,nilhebtlrr  pMl  of  thessawirol  18M.  •»■«  the  dowvstic 
tm  aikneta  Iowa,  m  which  honoBv  c*Ble,  aaid  sheep  vera  all 
[iBtheaMMwv-S  TWk>e^nwptaMa,tan$e^c«MftMd  totbsj 
thnMl.  www  •  svcffiar  «ad  putial  patalytats  ol  the  walk  of  the  opper 
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r-piiflaip:e»,  iiot-tniipjuiied  by  piiiiifiil  anil  difticuH  bn-athing'.  The 
lUiimiiU  liUiKckeil  iiiiifoi-iuly  ibu<l  nUev  nil  illnt-HS  of  aliuut  two  tXnya. 
The  extraonliimry  nature  of  the  cnstt,  imiiutils  of  so  many  (lifftjrt'ut 
species  all  suffering  from  tlie  same  (lisisnae  luid  all  (lying  of  it,  leil  to  a 
BO mewUat close  stmly  of  tlie  siiiToiiiidingM,  with  thf  result  of  ascertain- 
ing that  the  animals  affected  had  all  obtained  drinking-water  from  a 
small  ureek  which  ruu  in  a  ravine  thniugh  the  farm.  The  dry  weatluT 
for  several  mouths  previous  to  the  attack  hatl  so  reduced  the  flow  of 
the  stream  that  water  was  found  only  in  pools  aloug  its  bed.  A  fi'w 
auimals  <m  the  sarue  farm  which  did  not  have  access  to  the  creek,  but 
which  were  watered  fiom  a  well  were,  idthough  in  contact  with  the 
sick,  entirely  unaffected.  On  inquiry  it  appeared  that  earlier  in  the 
summer  chicken  cholera  had  prevailed  among  the  fuwls  and  hog 
cholera  among  the  swine,  and  that  a  considerable  number  of  dead 
chickens  and  hogs  were  thrown  down  the  steep  bluffs  of  the  ra\in6 
iuto  tlie  bed  of  the  stream.  On  other  farms  in  the  neighVwrhood  it 
was  cu.^tomarv  to  di.spose  of  dead  animals  in  the  same  way,  and  iiujuiry 
(nrther  whoweil  that  on  no  less  than  four  other  farms  situated  on  the 
Vianks  of  this  stream,  animals  had  died  showing  symptoms  identical 
with  those  on  the  farm  first  investigated. 

Mr.  Stalker  also  states  another  case  where  contaminated  water  was 
distinctly  proven  as  the  cause  of  large  mortality  among  cattle  ruiiiiing 
on  the  open  prairie.  An  animal  dead  from  anthrax  had  been  drawn 
into  a  basin  which  later  tilled  with  rain-water  and  furnished  a  drluk- 
ing-place  for  about  1,000  cattle  on  the  adjacent  range.  The  result 
was  that  about  ten  per  cent,  of  all  the  animals  having  access  lUed 
from  antlira?c.     In  the  language  of  Mr,  Stalker: 

The  toaoliiiijts  of  tUosH  oliji^cl  leiMOQs  are  svifticit'iilly  oln-ioiis.  Thoso  aiiiiimls  are 
eniloweil  witli  oi'g.miaitioiis  not  unlike  imr  own,  nnit  tin-  manifeBt  laws  of  lifiiin 
and  of  lieultli  can  no  more  lie  violated  with  iinpnuitj  by  them,  than  by  ouiitelvea. 


IfKED  Foit  More  Defisite  Inpormatios. 


P 


The  foregoing  remarks  oa  the  infectious  diseases  of  animals  are  a 
very  inadequate  presentation  of  the  subject  as  it  stands  at  the  pres- 
ent day.  In  Europe  the  literature  has  already  become  exceedingly 
voluminous,  wliilo  in  this  country  there  is  also  too  much  of  it  to  en- 
able one  to  present  other  than  a  skeleton  in  a  brief  chapter  like  the 
present.  It  is  hoped  enough  hiis  been  said  to  indicate  that  the  sub- 
ject is  of  inijiortauce  in  connection  with  the  general  'pieatioii  of  i>ol- 
hitiuii  of  -streams,  and  the  pnrili^-atioii  of  the  sewage  of  any  large  town 
whei-e  extensive  stock  yards  aro  located,  ('ertaiidy  the  allowing  of 
tile    dniinage  from   stiick  yarils  and  abattoirs  to  contaminate  sfi-eani ; 
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which  are  the  sources  of  pnblic  water  supplies  cannot  be  consideretl 
in  touch  with  the  best  recent  thought  on  public  sanitation.* 

This  discussion  must  be  further  taken  as  indicating  that  a  sewage- 
polluted  stream  is  not  a  safe  sonrce  of  drinking  water  for  horses,  cat- 
tle, and  other  domestic  animals. 

Per  contra  we  may  sar  that  a  stream  to  which  animals  saffering 
from  auj'  of  the  inter  communicable  diseases  have  access  is  not  a  safe 
source  of  drinking-water  for  human  beings,  though  the  fact  pointed 
out  by  Dr.  Billings,  that  "  man  has  far  greater  receptivity  to  the  con- 
t-agious  (infectious)  diseases  of  animals  than  they  have  to  those  of 
man  "  may  be  considered  as  indicating  less  danger  to  animals  than  to 
hnman  beings  from  the  use  of  drinking-water  polluted  by  the  excre- 
ments of  either. 

■ProfeHor  J.  H.  Iiong  statca  in  hii  report  on  Cb«nic*l  iDTMtigMioai  of  tbe  Water  Supplias 
of  niinoii,  1S88-6U.  that,  in  the  lammer  of  I8dtt.  the  ftnge  of  tha  Cbicigo  Stock  Tmida  amoantai 
to  aboai  7,000^000  gallonB  duly,  and  gave  tben  by  uferal  mnalyoea  in  partn  per  100,000  tbe 
following : 

Free  ammonia. 4.S0 

Albominoid  animani&, 0,61 

Oxygen  comtuaed, S0.90 

It  i«  alio  itated  that  Ut«r  t«t*  ibow  a  great  improTimeDl  in  tbe  cliaracter  of  the  Stock  Yard 
«fHnent,  doe  to  Ihe  fact  that  it  ha*  been  foand  oummcrcially  profitable  to  remon  man/  of  the 
contamioating  matten  foi  dm  ai  fertiliiera  and  for  other  parpoeoi.    (Proteaor  Loiig*i  report. 


CHAPTER  in. 

ON  THE  POLLUTION  OF  STREAMS. 

The   State   of  Massauhusetth  Leads    a  the    Study   of   Stream 

PoLLmoN. 

The  history  of  stream  polhitiou  and  the  discussion  of  mca&ures  for 
ts  abatement  have  been  confined  in  this  country,  until  recently,  al- 
'niost  entirf^ly  to  the  Bt'ports  of  the  Massachnsettw  State  Board  uf 
Healtli.  Soinetliinff  has  indeed  been  done  in  several  nf  the  other 
Btati7H,  but  to  MassiichusettH  innst  be  assigned  the  credit  of  not  only 
first  taking'  np  the  Mnbjei-t  syHtemiitically  Imt  of  materially  advanciuji 
accnrate  knowledj;i'  of  the  subject. 

In  making  the  [irecedinp  Ktatcment  the  authors  have  not  ovcrloiiked 
the  work  done  in  several  of  tlie  other  states,  as  for  instance,  Maine, 
Counectient,  New  York,  New  Jersey,  Pennaylvivnia,  Minnesota,  and 
lliuois.  A  hirfjo  proportion  of  the  work  in  the  other  states  is,  how- 
Bver,  considerably  later  in  point  of  time  than  that  in  Maasachnsetts, 
and  some  of  it  has  been  modelled  aftei'  the  Massachusetts  work  aB 
published  from  year  to  year  in  the  Annual  Reports  of  the  State  Board 
of  Health.     The  credit  of  a  systeniatic  beginning  therefore  properly 

I  be  longs  to  Massachusetts. 
8 


VI 


Amo[;nt  of  Stream  Piillction  Inte.stigation. 


tu 
^ial 


The  amount  of  Hystematic  work  and  discussion  of  the  same  have  now 
'grown  to  such  pi-opoi-tions  us  to  render  any  adequate  presentation  of 
the  tabulated  results  impossible  in  the  liniits  of  a  single  chapter  in  a 
bixjk  of  this  charactei',  and  about  all  that  will  be  attempted  here  is  to 
Ito  a  brief  account  of  the  work  actually  accomplished,  in  the  prepara- 
tion of  which  the  various  reports  will  be  used  in  some  sort  as  a  syl- 
labus,    A  cmuplete  knowledge  of  wtream  pollution  as  it  stands  in  this 
ountry  to-ihiy   can   only  be  obtained  by  a  study   of   the   original 
ports. 

We  will  begin  by  reviewing  the  work  done  in  MassachusettB,  in 
regard  to  which  it  may  be  remarked  that  a  portion  of  the  intonnation 
in  the  tvirlier  reports,  by  reason  of  tlie  recent  devchipments,  is  some- 
hat  out  of  date ;  it  has  ncverthelesB  Ijeen  deemed  proper,  in  view  of 
s 


:J4 


SKWAUE   DISPOSAL   IN   THIC   L'NITKD   STATES. 


tbe  liistuncal  importance  iif  the  Massficiiiisetts  work,  to  give  a  brief 
syjiopMiH  of  all  that  lia-s  been  tloue  iu  that  utate  in  the  way  of  stmiicB 
of  htt'eiiiii  polliitiuii  1111(1  i-ogiiate  questions. 


The  MABSACHUBEiTa  Work. 

<1n  April  6,  1872,  the  Massai-husetts  legislature  directed  the  State 
Board  uf  Health  to"cou9ider  the  geneml  subject  of  the  disposition  of 
the  sewage  of  towns  atid  cities"  and  "report  to  tlie  next  legislature 
tliPir  views,  with  such  information  as  they  can  obtain  u[)OU  the  subject 
from  our  own  or  other  lands."  This  order  of  the  MassiR-husetts  legis- 
ture  may  be  fixed  upon  aa  the  beginning  of  accurate  information  iu 
reference  to  sewerage,  sewage  disposal,  and  the  pollution  of  streams 
in  this  country.*  Iu  compliance  with  the  order  the  Board  employed 
Professor  Wm.  Ripley  Nichols,  who,  in  conjunction  with  Dr.  tieorge 
Derby,  Secretjiry  of  the  Board,  presented  a  report  of  112  pages,  which 
may  be  fouud  iu  the  Fourth  Annual  Hepoi-t  of  the  Board. 

.\fter  defining  the  terms  sewer,  sewerage,  and  sewage,  the  Report 
discusses  at  some  length  the  following  questions : 

(1)  The  Dry  Earth  System. 

(2)  The  Water  OaiTiage  System. 

(3)  The  VfUtilatiou  of  House  Drains. 

(4)  Sewage  from  other  sources  {i.e.,  other  than  human  wastes,  kitchen 
drainage,  etc), 

(5)  Other  forms  of  Refuse  not  Removable  by  Sewers  {as,  for  instance, 
swill,  a-shes,  meat  and  vegetable  refuse,  etc.). 

(G)  Sewage. 

(7)  Sewers. 

(8)  Sewers  now  in  Use  in  Massachusetts, 

(9)  Outlets  of  Sewei-8  in  Massachusetts. 

(10)  On  the  Treatment  of  Sewage  (including  value  of  the  sewage, 
lime  process,  phosphate  process,  intermitteut  filtration,  and  sewage 
irrigation). 

(11)  On  the  Treatment  and  Utilization  of  Sewage  in  M:issachusettR, 
(including  tabulated  statements  of  the  results  of  tmalyses  of  sewage 
of  Bo-ston  and  Worcester). 

(12)  Tlic  Effect  of  Sewage  and  Mainifaitiu-ing  Refuse  on  Running 
Streams  (indudiug  examinations  of  a  number  of  streams,  namely.  Mill 
brook.  Blackstone  river,  aud  Memmac  river).  Also  condition  of 
certain  English  rivers, 

(13)  Alleged  Self- Purification  of  Running  Streams. 

•  Thi"  ni»y  be  comlilMed  ■  lir..»il  nUtenn-nt  in  ticv  o(  the  lyntfrnktic  doiiign  of  ivvenl  imr^ 
«wet"ire  nyiieniB.  o.itablj-  t'>«l  "'  fhio^o  eoegrkl  yrm  pterirHii.  to  IhTl.  Tl.B  «t.iMn.pi>t  U 
inleniie.!  ni.iK  «p-ri»l1.>- '"  rctetcnc-  to  tl.«  dr.iKo  of  oewenge  .jftUtn*  «,tb  rrguil  I..  >i  .t*mMto 
di.p«»l  "tlwr  lh»i.  inlo  !«.■■.■  U-ii«  of  —fr- 
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(14)  The  Water  Supply  "f  Towns. 

(15)  Lakes  aiid  "  Gri'ut  PullIs." 

(16)  Great  Poiiils  are  Public  Propt^rty. 
Uniler  lieiidu  (2)  iukI  (i)  the  report  states  that  while  drains  have 

beeu  in  use  for  thoiisaiuls  of  years  it  is  only  in  the  present  tentuiy 

that  they  have  been  ns<iil  as  carriurn  of  huriutii  excremeut.     The  other 

vastt*  siibstmiL-es  passing  into  sewers  aro  the  litpiid  shjps  from  wash- 

ftud  (jookiiig-,  the  waehiuss  anil  sc-rapiiigs  of  hides,  the  washiufjs 

[of  sinnghter-hoiiscs   and  staltk's,  clieniii'als  used  in  the  preparation 

uf  leather  and  moroeuo,  chemioals  used  in  enttou  factories  and  jirint 

Torks,   the   tlnid   wastes   of   rendering  establishments    and   of  soap 

'faetories,  and  the  liquid  wastes  of  other  manufactiiringr  establishments 

of  every  deseription. 

Under  (7)  the  report  states  that  "  Sewers  may  be  used  (1)  tor  the 
Biolasive  removal  ofexfremi'utal  and  watitf  Huids  ;  (2)  for  tlie removal  of 
Ainfull  !  (3)  for  the  renmval  of  superHiious  water  in  the  soil."  "  Tlu-ro 
ire  those  who  stronjrly  advocate  the  seiiaratioii  of  the  first  two  from 
'each  other.  The  rainfall  to  the  river,  the  sewage  to  the  soil  is  an 
alliterative  sayinjr  whieli  has  ha*l  jrreat  currency  in  England.  It 
however  involves  tlie  constrnctiiai  of  a  com |i] etc  double  set  of  sewers 
in  overv'  case,  and  it  sacritiees  the  advfttitas"e  of  occasional  Hushiiifr 
Bud  the  complete  wimhing-  out  of  these  conduits  by  occasional  storms. 
Onr  best  engineers  do  not  advise  this  separaliiin,  except  to  provide 
^tonu-water  overHows  as  a  measure  of  eciuiomy." 

Under  (9)  the  report  states :  "  We  believe  that,  in  the  present  state  of 
iuronn  knowledge  and  experience,  no  lietter  receptacle  than  the  ocean 
can  be  found,  provided  the  sewage  is  delivered  where  deeji  currents  can 
disperse  it  so  that  it  can  be  no  more  seen,  and  can  prevent  its  deposit 
the  settlinnr-basins  of  docks  and  the  mud  Hats  of  estuaries." 
Under  (11)  the  report  discusses  the  mannrial  value  of  excrement  and 
iednces  a  value  for  the  sewage  of  Boston  of  perhaps  one  cent  per 
let  ton. 

Under  (12)  tabulated  analyses  of  the  waters  of  the  streams  studied  is 
riven,  toffethcr  with  brief  statement  of  some  of  the  difficulties  in  the  way 
>f  luaiutaiuinp  the  purity  of  streams  receiving  manufacturing"  refuse. 

In  the  Fifth  Aunnal  Report  of  the  Board  the  discussion  is  continued 
jy  Professor  Nichols  with  special  reference  to  the  condition  of  certain 
rivers  in  the  state,  the  iuquiiy  being-  prosecuted  more  especially  in 
efereneo  to  "the  increasing"  joint  use  of  watercourses  for  sewers  and 
.  a  source  of  supply  for  domestic  use."  The  rivers  selected  for  ex- 
suded  examination  were  the  Merrimac,  Blackstone,  Sudbury,  Con- 
cord, and  Charles, 

The  report  begins  with  a  discussion  of  the  sources  of  pollution  of 
the  Merrtmnc  river  and  presents  in  detail  statements  of  population 
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and  number  of  operativt^s  of  some  of  the  m an ufiic- luring  tovns,  with 
Htatislics  of  the  luiniml  use  of  polluting'  substances,  sncli  as  oil.  starch. 
Hour,  uiiidder,  copperas,  uluni,  sumac,  aulpimric  acid,  bark,  soda  ash, 
aii<l  soap.  The  chmatter  of  tlip  river  bed  and  the  conditioa  of  the 
river  are  also  conKidfred.  Extynded  tables  of  analyses  are  given  and 
the  relative  efftet  of  uxidalion,  deipusitiou,  aud  dilution  in  assisting 
purificatiou  diacnsseil. 

The  studies  of  tlio  Ulaekistone  river,  begun  iu  thu  pre\-ioua  year,  ar*! 
continued  aud  tables  jjiveu  of  analyses  of  scries  of  samples  of  water 
takon  at  different  points.  These  t(»gether  with  the  tables  of  analyses 
of  the  waters  of  the  Charles,  Sudbury,  and  Concord  rivers,  and  a  sin- 
gle examination  of  water  from  the  Neponset  river  conclude  the  exam- 
ination of  river  waters  in  tlif  Fifth  Report. 

Professor  Nichols  then  takes  up  the  discussion  of  (1)  rivere  as  a 
sourue  of  supply,  in  which  chapter  the  viu-ious  arguments  pro  iUid  can. 
are  clearly  stnted;  (2)  the  present  cnmlitiim  of  tin-  water-supply  of 
fcrtftin  cities  in  JIassachusetts.  the  water  suppHeti  discussed  being  the 
Cochitnate  and  Mystic  of  Boston,  the  Merrimac  river  at  Lowell  and 
Ijawrence— the  water-works  of  which  latter  was  at  that  time  in  pro- 
cess of  constnu-tion — and  the  Charles  river,  wliich  was  already  iu  ns« 
at  Walthaiii  and  bad  been  at  various  times  proposed  for  a  number  of 
other  towns.  Tables  of  analyses  of  the  various  water  supplies  are  pre- 
m.mted. 

TIjese  two  reports  in  the  Fourth  and  Fifth  Annual  Reports  of  the 
Massachusetts  State  Board  of  Health  are  thus  noted  somewhat  in  de- 
tail, not  only  In-cause  of  the  valuable  diat^ussions  of  the  several  sub- 
jects eonsidereil.  but  bi'causc  of  their  historical  value  as  the  starting- 
point  of  a  definite  knowledge  of  river  pollution  and  the  cognate  ques- 
tions in  this  country.  The  task  of  making  a  beginning  could  hardly 
have  fallen  into  more  capable  hands  than  those  of  the  late  Professor 
\Vm.  Ripley  Nichols. 

In  continuation  of  the  work  thus  begun  we  find  in  chapter  192  of  the 
Acta  and  Resolves  passed  by  the  General  Gonrt  of  Mas.sachusetts  iu 
1876  an  act  to  provide  for  an  investigation  of  the  question  of  the  us© 
of  running  streams  as  common  sewers  iu  relation  to  the  public  health. 
By  its  terms  the  State  Board  of  Health  is  directed  to  investigate  by 
themselves,  or  by  agents  employed  by  them,  the  correct  metho<l  of 
tirainage  and  sewerage  of  (ho  cities  and  towns  of  the  commonwenlth, 
especially  with  regard  to  the  pollution  of  rivers,  estuaries,  and  ponds 
by  such  drainage  or  sewerage. 

The   investigations   undertaken   under  tins  act  were  divided   inl 
three  heads  and  each  assigned  to  a  specialist  for  study  and  disiiussiotti 
as  follows : 

(1)  Jhe  pollution  of  rivers,  with  general  observations  on  water  sap. 
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plies  ami  sewerage,  James  P.  Kirkwood.  M.  Am.  Soc.  C.  E.,  the  neo- 
es&iry  chemiciil  atialj'Kes  being  iiiiiik'  by  Profi^sMor  Nichols. 

(2)  The  water  supply,  draiun;rG,  autl  sewerage  of  the  state  from  a 
saiiitury  point  of  view,  Fi'ederiL'k  Winsor.  M,  D. 

(3t  The  disposal  of  sewage,  Chiis.  F.  Folsora,  M.  D.,  Secretary  of 
the  Boanl. 

Tliese  several  reports,  whicli  appear  in  the  SeTentli  Annual  Report 
of  thf  Board,  make  385  octavo  pages  of  printed  matter  ami  present 
tipurly  every  pLiisf  ()f  tlie  HubjeL-t,  and  may  at  the  present  day  be 
takeu  with  slight  moditieatious  as  a  pertinent  treatise  with  special 
reference  to  the  conditions  obtaining  in  tliis  country, 

111  Part  II,  of  Mr.  Kirkwoods  report  is  given  a  brief  account  of  the 
kinds  of  chemicals  used  in  the  various  manufacturing  processes,  as 
prepared  by  L.  B.  Waitl,  M.  Am.  Soc.  C.  E,,  chietly  from  the  English 
reports,  with  reference  to  the  differences  in  practice  in  this  country. 
This  part  of  the  report  includes  notice.^  of  the  processes  of  the  follow- 
ing: The  manufacture  of  woollen  and  cotton  goods  ;  bleaching  opera- 
tiouB:  liueu  and  jute  maunfacture  with  the  bleaching  of  the  same; 
jute  dj'eing;  silk  manufacture:  paper  manufacture:  metal  manufac- 
tures, including  iron  works  and  rolling  mills,  and  irou  and  steel  wire 
and  galvanizing  works,  together  with  brass  foundries  and  electroplate 
works.  The  report  also  includes  a  chapter  on  poisoned  water  and  its 
limits,  with  experiments  upon  fish  w4th  acids,  metallic  salts,  special 
chemicals,  and  furnace  ashes,  this  latter  information  adapted  entirely 
from  the  English  reports. 

Detailed  statintics  of  all  esisting  sources  of  pollution  on  the  several 
rivers  examined  are  given  in  this  portion  of  the  report. 

In  a  report  of  100  pages  Dr.  Frederick  Winsor  discusses  the  ques- 
tions reUitingto  water-supply,  drainage,  Etnd  sewerage  in  Massachusetts 
Irom  the  sanitary  point  of  view. 

In  the  section  devoted  to  the  Disposal  of  Sewage,  by  Dr.  C.  F,  Fol- 
Bom,  the  following  are  the  several  heads  discussed: 

(1)  The  eff.-ct  of  filth  on  health. 

(2)  The  intiueuce  of  sewer-gases  on  health. 

(3)  Water  contaminated  by  sewage. 

(4)  Experience  in  England. 

(5)  Tlie  sewage  question  in  England. 

(ti)  Substitutes  tor  the  water-carriage  system. 

(7)  Experience  in  France. 

(8)  Experience  in  Germany. 
(It)  Experience  in  Holland, 

(10)  Experience  in  other  countries. 

(11)  i'rocBsses  for  purifyinsr  sewage — including  filtration,  intermittent 
downward  filtration,  precipitation  by  lime,  alumiuia,  superphosphate, 
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sulphite  of  limp  ami  mti^iDsia,  tlie  A.  B,  0,  process,  metallic  salts,  Su- 
veru's  system,  ami  Lenk's  ]irnc-esH. 

(12)  Inigittiuii,  iiiohuliug:  sub-soil  ivrigatiou,  surfivct-  iri-ifrntioii,  the 
raoile  of  ilistributiiis'  sf  wiigo,  loi.mtion  of  sewftfje  fjn'ius.  fimoiiiit  of  luml 
uefi'Bsiii-y,  tin;  L-tfect  of  cliiimte,  theory  of  the  purification  of  Bewugf, 
the  effluent  from  Howiige  tiirmH,  alleged  ill  effects  nnti  the  t- oat  of  irriga- 
tion. 

(13)  Methods  of  disposing  of  sewnge  in  the  various  English  and  Can- 
tincntid  tnwus.  iiiclndiiig  Manchester,  Li-eda,  Birrainghiim,  C'ovi-ntry, 
Edinlmryli.  "West  Derby,  ('rfw**,  Koniford,  (.'roydon,  Budford,  Tun- 
bridge  Wdln,  Leiimingtou,  Merthyr  Tydlil,  Paris  (sewage  tarm  ;it 
OfniiL'villiera),  and  HaiiKig. 

(1-1)  The  wji-sle  of  s-w.Ly;e. 
(15)  The  foiiditions  of  sewage  farming. 

In  the  siimmiiry  follovcing  the  several  reports  the  Board  makes  the 
following  recommendations  -. 

(L)  That  no  citv  oi' town  itliLill  be  tiUnweil  to  tliiicliarse  sewage  into  auv  wnlev- 
coiirse  or  pnnJ  willnnu  lii'st  innifviiij?  it  Hci-oMliiifr  tn  tlie  l)o.st  inticcss  iit  |)rosptir, 
kTimvii,  wliicli  ia  irri  gill  ion  ;  jUfU'liled  lliiit  iLis  iv(iiiliititin  tlni-s  tint  ii]'jilv  Id  (lie 
(lindiiu'ge  fnnii  aeivi'i'n  nlrearty  built,  ciiiIchs  naii-i'-sii|ipli.,«  lie  lln-i'eliv  jHilliileil ; 
and  ]iroviileii  ikl-so  tliitt  any  iuti.'MliL'il  <1is<-liiii'(:i>  of  neuu(;i>  niu  be  »litiu~n  Id  t>e  at 
Buuli  II  (Hiiiit  tliiit  in>  niiisftiii'i?  will  oi'i->i'  fmin  it. 

(II.)  Tlmt  no  sowa;::?  of  any  kinil,  ttliollii>r  |iuiifiei)  or  not,  ))«  alloweit  Ui  i<nli<r 


any  )iond  nr  strPiim  ll*ii'il  for  ilonioslic  ]iiil'|ioaes 

tliil  be  I'l 
pliiDs  of  scwi'i-ani-  iiiul  n-otei*-siiii|ilii!H. 


ilir.(  Tlint  (.'iwli  wjitfi'-biusiii  sliotiii' 


'ft^jiitled  by  itself  in  the  prepnrulious  i>f 


(IV.)  Tbiit  ai'cuiiile  topofn^pliicul  aim'Qys  nlwnys  be  made  tif  all  Innns  licfare 
ilil I oiIuciuR  wuli'i-sHl>]>lip«  or  «ewi-rs 

(V.  1  That  Htpps  shmilcl  bp  tuhi'iu  by  sjn'riul  lunisluliftU,  hii>-»il  ii|,ini  itivpslrgnlitins 
anil  ri't'ommfniliitiiinH  of  ^x(lcrl^<.  In  ni^et  cu^cs  of  Horiotia  uuuoyiiiii.'o  iiiisirii*  troui 
(b'tePtivo  ai'iiiu^enipnta  for  (he  iiiK]>osal  ii[  seivajje. 

(YI.I  That  irritnitioii  be  ntbijil^'ii,  nt  first  PX|ipriuiei]tBUy,  in  tlinso  jiiueOE  wbord 
aonin  [ipoc'esN  of  iiiiriHi'atioii  of  spwii-re  U  iiPiv-^sniy  ;  iinj  tlint  i-iries  iiiiil  towns  bo 
aii'lionKP'I  by  Uw  lo  liike  sui'h  luJiil  an  may  bi?  nci'ps.san-  for  thiil  (iiniiose. 

(VII. I  That  pypi-y  ciilv  or  town  of  nvpr  4,000  ijiluibitimts  be  reiiiiirpil  by  law  to 
a|i]><>i3it  a  HuiU'ii  of  Health,  tlie  nieniliem  <it  tibii'li  Hliall  be  rcqiiiii'il  ixit  In  hoJU 
uoy  otLer  oJiices  in  the  government  of  their  eily  or  town. 

In  tlie  Eit-hth  Animal  Repcn-t  (1R77)  the  discussion  of  streitm  pollit 
tiou  and  sewage  disposal  is  continued  by  the  H.'eretary  of  the  Boai*!). 
The  stream  selected  for  this  yenr's  work  was  the  Nashua  river,  which 
w;is  not  only  polluted  at  many  pnints,  but  from  being  sitnuti-d  in  tw.i 
States  was  eoiisidered  to  illnstnxte  most  of  the  importani  fentnrcH  "f 
such  an  investigation. 

The  topics  discussed  under  this  head  are:  Area  and  population  of 
the  river  basin  ;  water  supply  and  sewerage  of  the  towns  in  the  basin  ; 
statistics  of  the  sources  of  jiollution  in  detail :  iuchnliug  the  specifitr 
kinds  of  pollntiim  from  woollen  mills,  jiapir  niills,  cotton  mills,  comh 
manufactories,  tauueries,  etc.  i  the  puritication  of  pollnteil  streams: 
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pollution  of  the  NftsLiiw  river;  some  pollution  uiiaYoidable ;  and  dia- 
po»iil  of  sewiif^e  in  tho  Niishiia  btisiii. 

From  tilt"  Iteport  it  appeurs  tluit  the  area  drained  by  the  Ka^hua 
river  m  MasstichusettH  is  457  wiuare  miles:  iu  New  Haiupshiiv  87 
miles.  The  avenige  populiitiuu  for  the  portion  iu  Muj^saehimettu  won 
found  to  bo  lOii.o  per  squiire  mile. 

None  of  the  towns  in  the  Nushuii  biisiu  hiid  sewerage  systems  at  the 
date  of  the  Report,  although  a  few  surfai-e- water  drains  had  lieen  built 
in  Fitehbnr^,  riinton,  and  Leominster,  the  three  chief  towns  iu  the 
portion  of  the  river  basin  in  MaHsaelmsetts.  The  ehief  sources  of  pol- 
lution were  tlu-refoi-e  found  to  be  the  wastes  from  raanutactoriea.  The 
following  included  all  in  this  basin  in  Massachusetts  at  that  time : 

NiiEiilvr  oF  Hniicln 

mBibiLffli'Eiji'iei,         Blaplojed. 

■\VooIleu  mills 14  1,2G5 

Shoddy  mills 2  6 

Cotton  mills 22  2,478 

Paper  mills 20  437 

Edge-tool  and  machine  works 6  350 

Comb  manufactories 9  330 

Tanneries 4  180              ' 

Chjiir  and  tub  t*hopa 3  245 

Leather-board  mills 5  94 

Flour  mills 2  U 

Gas  works 2  6 

Linen  mill 1  23 

Wood-i)ul|>  mill   1  6 

Cotton  and  Shmlily  null 1  10 

Totals 92  5,443 

The  Nashua  river  flows  from  Massachusetts  into  New  Hampshire, 
joining  tlie  Merrimac  river  at  the  city  of  Nashua  in  the  latti'r  State; 
the  Merrimac  itself  passes  into  MasHaehuselt-;  in  a  few  miles  tlon*. 

The  result  of  the  examination  was  to  lead  to  the  conclusion,  as  stated 

iu  the  Report,  that  the  pollution  of  the   Njishua  river,  while  mostly 

from  manufiu;turing  wastes,  was  still  altogether  too  serious  to  permit 

I  of  the  use  of  the  stream  at  any  point,  except  at  its  extreme  head-waters, 

a»  the  source  of  public  water  sup|>lies. 

In  the  portion  of  the  Eighth  Report  referring  to  the  disposal  of 
newage,  the  following  are  the  heads  disenssed  :  Experiments  in  Mas- 
sat^husetta;  progress  elsewhere;  sewage  disposal  at  Glasgow  ;  the 
Liemur  system  j  brief  references  to  disposal  at  Coventry,  Leeds, 
Hille's  process,  and  sewage  precipitates  generally :  dry  removal :  opin- 
ions of  experts  as  deduced  from  results  of  sanitary  conference  held  in 
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187fi  under  tbe  uuspiuea  of  the  Society  of  Arts ;  EuglUli  goveruitfs 
htatistics  published  in  Miiivh,  1876,  iiniludiiig  piiritieation  by  overflo 
of  sewage  on  laud;  tiltratiou,  prt-cipitntion  iiud  filtrutiou,  cost  of  pr 
cipitation,  uoat  of  irrijratiuu,  cost  of  Barking  farm,  cost  of  Cheltenham 
farm,  cost  of  Bedford  farm,  (lost  uf  dry  removal,  cost  of  no  removal  of 
sewage,  and  conclusiou  of  tlie  English  Local  Goveriiiuuut  Board  ;  espe- 
rieiice  in  Germauy.  Austria,  ainl  France  ;  objections  to  iriigatiou  below 
Paris ;  sewage  of  Paris ;  iiTlgatiou  with  sewage  of  Paris ;   proposed 
intercepting  sewer  for  Paris  and  deep  sea  mitlnt :  experiments  nu  pi-e- 
ciijitatiou  at  Paris  ;  pit>seut  condition  of  the  cpiestion  at  Paris,  objec- 
tions, etc.  i  some  objections  to  sewage  in-igation  considered  :  efTects  on 
health  of  bad  drainage:  contaminated  water:  the  purist  theory;  con- 
taminated air  and  soil ;  oxiihitiou  of  sewage  :  tilth  not  safe  and  specilic 
poison  theory ;  illustrative  cases  of  disease  from  poisoned  air  at  Croy- 
don, Fort  Cumberland,  and  U|Jpingham  school ;  illustrative  cases  of 
disease   from   polluted  water   at   Eaglcy   and  Bolton,  England,  and     ; 
Lausen,  Switzerland ;  *  yellow  fever  and  tilth ;  dysentery  and  fever  troa^M 
filth  i  eartli-closets;  and  the  pri?ventiun  of  tilth  diseases.  ^* 

E.  8.  Ohesbrough,  M.  Am.  S*x.'.  C.  E.,  also  discusses  in  the  Eighth 
Aimual  Report  the  subject  of  Sewerage,  its  Advantages  and  Disad- 
vantages, Construction  and  Maintenance. 

In  the  Ninth  Annmd  Report,  Sewerage  and  the  Pollution  of  i^treams 
is  further  discussed  by  the  Board,  the  investigations  for  tlie  year  having 
been  made  wiih  special  reference  to  the  basins  of  the  Hoosac  and 
Housatonic  rivers.  Statistics  in  detail  of  the  sources  of  pollution  in 
the  river  basins  examined  ai-e  given,  same  as  in  the  previous  reports, 
and  at  the  conclusion  the  Board  presents  a  draft  of  A  Bill  to  Prevent 
the  Pollution  of  Streams,  and  tor  Other  Purposes.  In  eoucludiug  this 
portion  of  the  report  the  Board  submit  the  following  : 


There  are  a  (ew  pointa  to  be  borne  in  mind  with  veterence  to  water-anpplv, 
ilrainugp  uf  Uniisefi.  mid  neweruyp,  wliii"li  hiive  bo'^ii  stipsii'stcd  Viy  ihe  examiunlioiiB 
o(  the  Boiii'd  ill  tiii«  Hliid-,  iiiid  iiinv  jiri>|)p|-lv  l)e  sumiimi izi'd  lieif  :•  - 

1.  Tiie  privy  Hy<item,  ho  common  tlimughoiit  the  blata,  hy  which  fillli  is  etoroJ 
Up  to  pollulo  the  air,  soil,  luid  wjiter,  noiir  dwelliogs,  sliould  be  in  all  cosea 
ftbolishod. 

2.  Cesspools.   hiiIpks  witli  estniordinm'v  iTPcnnlions  ns  lo  v^ntilntioa  nod 
vention  of  pollution  of  .soil  im.I  iiir,  me  little  ln'iter,  ami  shonlcl  lie  given  iiji  fo 
sompthiiif'  IpHs  oWjprlinrmblp  us  soon  ns  ]iriiiilipalite, 

3.  ■Weill  .■aiiriol.  he  deppndi'd  on  for  «itpii|ips  of  nholeKome  watM',  unless  tbey  i 
thoroiipKlv  Kiini'ileil  from  houi'pcs  of  Huriui'e  iiiid  Hul>Boil  pulltition.     Some  ot 
fonlpHt  wp|l->viitpr  Kxiimiued  by  the  Board  ba.'?  been  clear,  sparklinR,  and  of  Mot  i 
pletwHnt  la-sto. 

4.  Where  wells  hav«  already  been  jioUnted,  nnd  it  ia  not  )iracticab1e  to  die  new 

*Thjft  i*  m  ^no'l  iccu^firit  uf  the  fjLTnoiifl  oaH  wlipre  tvphrn'1  ifrrmi^  itr-  proven  to  hairo  pAMffil 
tbniugli  B  mile  of  einvcl.      Aeuuuat  illuitrBlied  by  mup      Al*ii  «r  rhnpler  I, 
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rSeop  wells  remote  from  soareea  of  L-ontaminaiinn,  or  to  introduoe  piii'H  public  walei' 
supplies,  the  storage  <iF  raiu-wiLtej',  piiipfilv  tillered,  in  ii  ^iallafui.^lorj'  luetLoii  of 
|>rocediii'e. 

5.  Id  small  towiiD  where  public  water  supplies  have  not  beeu  intrutluced,  Mitl,  in- 
deed, wherever  wiiter-cloacls  uri."  uot  used,  some  melhod  of  frequi'Ul  miuovul  uud 
•iisitifeclion  with  e;irth  or  ushefi,  should  lie  adopteil  in  place  of  privipH,  by  wlik-li  il 
should  be  impossible  for  the  tilth  to  uoak  into  ihu  Hoil  or  esoupe  into  the  uii.  Ce- 
meiilcd  vanlta  are  not  alwiivs  to  lie  d(i|>i<Jided  upon,  its  Iht-ii'  walls  crack  fiom  frost 
or  llirott)jh  aettlijlg  of  the  ^iduikI:  and  they  thiiH  noiiietimos  bcounie  aourees  of 
pollution  of  wells,  hi^sideH  L'lintaiiiitiatiu^  the  air.  Nor  is  the  fact  of  u  piivy  beiti); 
on  a  dowun'ard  slope  from  the  well  u  sutHeieut  sufegniiid ;  tor  even  thun  the  direc- 
tion of  the  subsoil  di'al)iut;e  may  be  toward  the  well. 

6.  Karlh-cloHetK.  icilli  jirnjiey  i-aye,  may  be  Hatisfa<:tovilv  a<lo)iteil.  But  the  earth , 
after  having  bi'i-n  once  tined,  nliould  bo  plai'ed  upon  the  hiuil,  not  stored  within 
doors  and  dried,  to  be  again  used  ;  for,  iu  Ibt-  prooess  of  ilrying,  tlieie  are  c maiiu- 
tioas  from  it  which  ore,  perlnips.  uot  leas  ilaiii^erous  (juin  nhe  fact  of  llieir  being 
imperceptible  by  the  unaided  senses,  or  ihroiigEi  chi'micnl  examination.  With 
earth -closets,  a  plan  similar  to  that  in  ust-  al  the  PittuHehi  Hii.t|iitiil  •  may  be  well 
ased  for  the  chamber  stops  ;  and  the  kitoheii  waste  may  be  ulili/.eil  (uitli  tlie  chiini- 
ber  slops,  too,  if  desired)  iu  the  manner  uued  bv  Mr.  l''iel<l  and  Col.  Waring.  .  .  . 
Less  intricate  methods  are  u.sed  in  scattered  dwellings,  but  with  the  effect  of  haviug 
tlio  .ilop- water  absorbed  by  the  ground  and  taken  up  by  vegelntion  so  far  from  Ihe 
house  iv*  nol  to  involve  a  nniwiuce  or  danger  to  health. 

7.  Where  water  supplies,  waler-olosets,  etc.,  are  iulrodnci'd.  sewer*  hIiouU  follow 
iniiDediateiy,  In  most  kinds  of  soil  ;  ce.ssjiools  shonhl  not  be  nseil,  unless  with 
exlr*>rdinaiy  precautious.  But  with  a  lew  humlred  feet  sipiare  of  lawn,  the  iiiiga- 
tiou  system  by  agricultnnd  dniiu-pipes  is  to  be  recommended,  wln'iehy  the  tilth  is 
at  once  taken  up  by  the  roots  of  gntss.  Iu  all  closes,  of  course,  with  or  wilhout 
ce8si>ool8,  there  should  be  Ihoiough  ventibtion  of  the  sysleni  of  house -.Irainii Re, 
with  disconnection  from  the  uJain  outlet  ilruhi  by  means  of  eitiier  a  veutilatii>g  ]>i]>a 
or  luin-water  spout  between  the  sewer-tiikp  and  the  house,  and  whose  openings  al 
the  lop  should  be  only  at  points  remote  from  windows  ai^d  chininey-to]m. 

Ou  the  whole,  a  tborouglily  satisfactory  urraiigement  of  this  kind,  if  propeily 
looked  after,  is  in  many  respects  to  be  preferred  to  connecting;  with  public  sewi'i's. 

8.  Wbile  the  water-carriage  system  is  the  least  ofTeusiv-e  to  a  relined  ireople,  Ilia 
leftst  costly  in  the  end  if  on  a  large  scale,  anil,  when  well  manageii,  llie  Ie4vst  ohji'C- 
tionable  from  a  sanitary  poiut  of  view,  it  should  be  remembered  :  ill.  that  iu  Ihe 
case  of  towns  and  cities  of  moderate  aize  its  introduction  involves  the  outlay  of  a 
large  capital :  (2).  that  the  connections  between  houxes  and  sewers  can  be  made 
free  from  danger-bringing  elements  only  with  great  care,  and  that  usually  from  a 
want  of  sueh  care  they  are  often  productive  of  a  certain  amount  of  harm — a  dauRer 
often  veiy  great,  es])ecially  to  ehihlren  and  delicate  persons,  since  the  iJossibility 
o(  tlie  eoutiuuoiis  ill  effect  on  the  wvatem  of  a  alight  poiaou  is  not  often  recogui/ed, 
and  as  few  people  can  be  induced  to  believe  that  anything  is  a  poison  from  which 
they  cannot  see  imtneiliale  and  striking  ill  results  ;  ('^).  Ihnt  the  outlets  of  sewers, 
eicept  near  large  bodies  of  water,  generally  involve  a  great  deal  of  dillicnlty.  and 
often  of  serious  nuisance.  frouL  the  fact  that  there  is  at  pre-'»ent  no  i-enlly  natisfactoiy 
way  of  dis|)osing  of  the  sewage,  while  a.  properly  arranged  system  of  freipient  dry 
removal  is  not  attended  with  es)>ecial  danger  to  health,  and  may  at  any  time  be 
ciuinged  tor  better  methoils  witliout  involving  any  jjreat  pecuniary  loss. 

When  sewers  ai-e  built  en-  sewerage  systems  adopted,  the  work  slionid  be  planned 
and  carried  out  only  by  the  best  avnilable  talent ;  for  bndly  cotistriic'ed  sewei-s  are 
iu  uiauy  re?]iects  woi'se  than  none;  and  their  j)roper  arrangement  and  inninteniince 
involve  an  amount  'it  knowledge,  skill,  and  experience,  which  are  found  only 
among  men  of  nnuMnil  ability,  who  hare  had  special  opportunities  for  prepaiing 
themselves  for  their  work. 

Will  eh  ever  of  tlin  llii'cn  great  disinfectants  and  destroyeis  of  filth  is  nseil — 
BMnely,  u  mff!i:<eiit  ijiuinhhi  i.f  ciotli,  water,  or  air  and  snnliffhl — the  pwential  proc- 
is  the  saiiier  the  ejele  matters  are  converted  by  oxidation  and  by  chemical 
*De*C[ibe<J  la  mi  irticlo  on  Cottage  Hospitals,  pp.  rCi-Ch'i.  mh  Ann.  Kept. 


.sKWA^ii;  nisi'ui^Ai.  IX  'iHi':  i.xitku  ^TAriis. 


■ombitiatitju  into  prodiictH 
liii'e  X\\e  axyavn  is  (lie  ui'.i 


lliat  are  finally  botli  liai-nilpss  nnil  inoffensive, 
it  impui'tunt  ageul.  and  liuiiiiug,  ui*  oxiilaticm,  :h  lh<'  cs- 
SHiiiiiil  ]iropeBs.  'i'lic  iiiiiai  iifffusive  gases,  liowen.-!',  (o  a  I'eilaiii  uxleiit  wliuii  in  llic 
em*!li,  mill  tii  u  letw  ilHgiuu  iu  tUu  wataj',  ai'o  abaoibi-'d  lufcimiiit'iilly  ;  in  llie  eailli. 
too,  tilt  foul-suielliiig  Enl]>li melted  liydrogen  iiuilcH  ititli  Ibo  iiim  fotiud  in  niosi 
s»ils  foTniiog  an  inert  and  rnolTciisive  coui)>oniid.  But  in  nil  tliree,  iiulei^K 
till.'  amount  of  filtU  is  [U'opoi'tioiiatelY  vory  small,  tliere  oi'e  cevt&in  gnses  uacapfiitr, 
and  \vlLiit  arci  called  enmuations— povsibly.-  tito,  disease  "  giertus" — ofleii  so  niiniilc 
Of  diluted  as  not  to  be  ajipreciable  lo  onr  senses.  It  is  tlie  ]>ai't  of  pviideiice,  llieie- 
fiiit',  lo  liiive  liny  and  all  of  tliese  prix'esses  reasonably  I'euiole  from  dwellings,  and 
niibin  reriaiii  limits  to  destroy  all  tilth  by  oxidation,  sewage  jnigatioii,  etc.,  with 
at-  liHIe  di'lay  us  uiny  be  necensaiT. 

All  of  Iheso  jiointa  seem  of  snch  iraiMirtance  to  the  Brianl.  thai,  iu  their  opininn, 
no  city  or  l)»«n  shall  be  allowed  to  einliarl!  njmn  costly  Hclmiiies  of  wnti'i-sn|iply 
ftiid  Bewemge  withonf  Imvins  the  heiieflt  of  advico  from  mimi'lHidy  who  haH  had  en- 
pmeiiee  ici  swch  mallei'H.  Theie  lins  therefore  heen  inserted,  in  the  draft  of  llie 
law  which  precedes,  u  section  providing  tliiit  all  such  [ihiiis  mnsl  lie  approved  by 
the  Rivers  Pollution  Ccmwission.  This  matter  of  local  drainage  is  also  one  involv- 
ing ^ivat  danger  to  the  public  health  if  not  properly  regulated;  and  praviBJona  (or 
thai,  too,  have  been  made  in  Ike  bill. 


Til  1879  the  Sttite  Buaril  of  H^itltli  of  MiissiichnKtftts  was  sncceedt 
by  the  State  Bi)aiil  i>f  Health,  Luhul y,  aui]  t'hurity,  and  in  tlic  fii-nt  i-e- 
poit  of  that  Board  (1880)  tilt:  iuvestigatioiis  as  begun  by  the  previous 
Board  Jire  (.'ontinuoil,  liv  u.  study  of  the  baniu  of  the  WeBttield  river, 
which  with  a  fiirth-'r  prelim iuury  csiiiuination  of  tlie  Merriiniiek  rivei" 
concludes  tlie  special  work  of  pollution  on  streams  for  the  year  1879. 

Professor  Xichols  g'iven  in  this  report  an  aceoiuit  uf  a  stream  po 
lilted  by  a  lar^e  quantity  of  sulphuric  tu'iil  discharged  into  it  by  the 
buruintr  of  a  iheniieal  w  oiks.  This  case  is  of  eonsiderable  value  as  illus- 
tratiiiff  how  seemingly  great  amonnts  of  eoiitarainatino:  material  may 
luider  favorable  conditions  be  easily  lost  sight  of  in  large  volumes  of 
water. 

The  Second  Report  of  the  8tate  Board  of  Health.  Lunacy,  and  Char- 
ity, contains  an  investigation  of  the  pollution  of  the  Deerliekl  and  Mil- 
ler rivers  as  made  by  W.  E.  Hoyt,  C.  E.,  with  the  statistics  given  in 
form  similar  to  that  of  previous  years. 

Tlie  Third  Ueport  contains  in  Appendix  B,  (1)  a  reiiorl  on  the  Wor- 
eester  sewau'e  and  the  Blackstone  river,  by  l>rs,  Folsom  and  Wolcott 
and  .b)seph  P.  Davi.i,  51.  Anj.  Soc.  C.  E.;  and  (2)  a  report  on  the  samn 
subjeet  by  Col.  Gen.  E.  Waring,  -Tr,  M,  Ttist.  C.  E.,  Ilie  latter  i>iesent- 
ed  on  behalf  of  the  town  of  Milbiiry,  situated  on  the  Blackstone  river 
below  Worcester  and  alleged  to  be  suffering  from  the  nuisance  caused 
by  ihe  sewage  pollution  in  the  streani.* 

Apiiendix  C  contains  extracts  from  the  Report  on  the  First  Metiu- 
politan  Drainage  Commission  as  presented  to  the  MassaclmsettH  Leg- 
islature, Jan.  3, 1K82. 
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The  next  work  on  pollution  of  streams  in  MassKchuBettu  is  in  tlie 
Nineteenth  Annual  Report  of  the  8tiite  Board  of  Health  (1888),  where 
are  given  tables  of  analyses  of  the  waters  of  several  of  the  streams 
examiueil  in  previous  years.  An  outline  of  the  proposed  experiments 
on  sewage  purilicatioa  at  Lawrence  is  also  given. 

In  the  Twentieth  and  Twenty-tirst  Reports  questions  of  pollution 
are  incidentally  discussed  from  the  standpoint  of  the  recent  views 
under  the  head  of  advice  to  cities  and  towns  in  relation  to  water  sup- 
ply and  sewerage. 

In  the  Special  Report,  Part  I.,  and  in  the  Twenty-second  and 
Twenty-third  Annual  Reports,  may  be  found  the  best  exposition  of 
many  of  the  questions  arising  in  connection  with  stream  pollution 
that  has  yet  been  made. 

In  the  Chapter  on  the  Examination  of  Rivers  in  the  Special  Report, 
the  pollution  of  the  Blackstone  river  is  first  considered.  This  river 
is  stiite  I  to  b3,  by  r3adOU  of  receiving  the  sewage  of  the  city  of  Wor- 
cester, tlie  most  polluted  stream  in  Massachusetts.  For  several  miles 
below  Worcester  the  stream  was  found  not  only  very  offensive  at  times, 
but  too  dirty  for  use  in  the  manufacture  of  light  colored  cloths. 

The  report  gives  a  series  of  analyses  of  (1)  the  unpolluted  water  of 
the  streams  whiirh  unite  to  form  the  Blackstone  above  Worcester;  (2) 
samples  taken  at  Quinsignmond  village  alx>ut  one  mile  below  the  point 
where  the  Worcestei'  sewage  enters  the  Blackstone ;  (3)  at  Uxbridge 
17  miles  below,  and  (4)  at  Millville  24  miles  below.  Table  No.  4  A 
gives  the  means  of  analyses  made  in  1887,  1888  and  a  portion  of  1889, 
and  is  from  data  in  the  Special  Report. 

Tabt.g  No.  4  A. — Means  ov  Analyses  of  Watf.h  op  Blackstone  River  at  the 
PoiNTB  iNDiCATEn,  AS  Maiie  IK  1SB7,  1888  and  1880. 
imiinKrW.QO:) 
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At  Millville.  the  lowe'*t  point  at  which  the  samples  were  taken,  the 
drainage  area  is  about  four  times  as  great  as  at  Quinsigamond  village, 
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while  tlio  populatiou  is  only  34  per  ceut.  greater.  A  very  coosicleralJe 
purification  takes  plaee  in  tlie  flow  down  tlie  river  by  rea»)U  cif  dilu- 
tion, iiidepenilont  of  any  pui'itit/atiou  re^ultius  from  otlier  I'liustts. 
Tlio  (Ulutiou  is  nearly  sufficient  to  account  for  all  th*-  puriticatiou  in- 
dicated by  the  chemical  analyses. 

Li  Table  No.  i  B  we  have  the  averages  of  a  similar  seriea  of  aualyses 
made  from  June,  1889,  to  December,  1890,  and  givea  in  the  Tweutj- 
Hecond  Annual  Report. 

TaBLR    KO.    4    B.— MRAXiJ    OF    AKALVaES    or     WATt^ll    OF   Bl.ACKBTON'E   Rn'KR  AT  T&& 
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*  Bin  HiitljrfMiB  khcrluilnl  In  ihn  ini'iiib  rj-rljil  rcajiluo  nnd  tLte  itt  thu  Irwfi  art  Jifuii-JDn 
t  THmm  AhHlyiH  vrurn  nli  init-lr  hi  LSIIU  ^tfUK-  IIih  M|«cnlnE  nf  Ihs  -vi^nfli-  illF|Kti>iir  work*. 
;  «pviin  uunly^*  lni>h].Uil  lih  ltif<  liki<iiri  lutkl  rtrtliliifi  nnj  >U  in  rhf  ]>4iioil  IrTilMoil- 
'J^'iii  riioiiiT*  f'tr  t^iW  T"^\'l\tv  iiiihI   \um  •»!   Ivnrfiiin  iiiiiliidi.Hl  tfi  T'ibfp  N'o   I  B  im  p[1  of  mUAlyntf  DJadc  utttT 
opmiUnt  ■*'  Wi»rixi*(-T  itu^niic*  <hi|Ki-iil  wnrkpi  In  IP^N). 

In  oonsiderin^  the  results  of  the  analyses  embodied  in  Table  No.  4 
B  it  may  Imj  remenibertid  that  the  Worcreter  disposal  works  were  pnt 
in  Dpiinition  .Tune  25,  1S90. 

Tim  Wori'istnr  sewa^fH  is  mostly  diechar^ed  into  Mill  brook,  Mhich 
tlowM  iiiti)  the  HhLckstone  river  at  QiiiiiHipumond  village.  The  wnter- 
sheil  of  Mill  brook  is  about  12.5  square  mileK  with  an  average  daily 
flow  of  about  a  million  gallons  per  square  mile,  or  the  average  daily 
volume  of  brook  water  is  Honiethtii-j  like  l'2.50fl,0fl0  gallons.  In  dr.v 
weather  the  average  daily  Now  is  leMs  than  this.  The  sewage  proper 
amounted  to  about  R.Olut.OiiO  gallons  per  day  in  1S92. 

At  pri'M.-nt  the  tiiiiiii  intercepting  sewer  extends  only  from  the  new 
pri<ei|iitatiiiii  works,  wliich  are  situated  aliout  one  mile  south  of  Quin- 
iiigamund  vilh^re,  to  the  lower  end  of  the  Mill  linrak  channel,  where  it 
inli'reept.N  the  srwaire  after  dilution  with  brook  water  to  the  extent 
indicated  in  the  foregoing. 

Unring  the  time  eovored   by  the  aualyses  in  Table  No.  4  IJ.  only 
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about  3.1)(KI.U00  <rii]]n(is  of  Hie  polhitfil  brook  wiiter  wert'  treated  at  tlio 
iiinpi>siil  works,  t]ie  luduut-e  of  the  uiiti'tsiitcd  flow  of  Mill  brook  enter- 
iiig:  the  river  as  foniiorly. 

The  efl'ei,t  of  the  treatment  of  the  3,000,000  ^uUoiih  daily  is  indicated 
by  the  third  nod  fourth  stsries  of  Table  No.  4  B.* 

The  results  of  receut  studies  of  the  polhitiou  of  the  Charles,  Chieo- 
pee,  Coutrord,  Conuei^ticut,  DeerBeld,  Hoosac,  HoiiHatonic.  Ipswit-h, 
Merrimack,  Millers,  Nashua,  Nepouset,  Shawslieeu,  Stony  Brook, 
Taunton,  Ten  Mik',  and  Westtield  rivurs.  are  jriveu  in  the  Special  Re- 
port. The  Twonty-seeond  Aumial  Report  alwo  eontains  the  coutiuua- 
tiou  of  the  study  of  a  number  of  the  streams. 

In  the  Twenty-third  Annual  Report  the  renults  of  studies  of  the 
Blaekstone  are  eontinued  to  include  the  year  1891 ;  the  same  is  true 
of  the  Merrimack  and  Taunton  rivers.  In  addition  advantage  was 
taken  of  an  nnusually  dry  season  to  make  special  studies  of  the  Black- 
stoue,  Quaboag,  Menimack,  Nashua  iind  Neponset  livers.  The  Report 
states: 

Nearly  nil  of  thii  exam i nations  fllinw  an  in crp rising  (Hillntioa  of  the  streams  as 
conijiiueil  with  previous  years.  Tlii.s  Is  i-untieil  not  only  by  the  fiic-t  that  tiie  Bum- 
mer null  imtunin  of  JSiH  were  ilrier  tliHn  for  m>veral  yeart«  before,  but  also  by  an 
iiniisniilly  rajiiil  iiicrenso  in  populatioc  ami  inHiiiifaptnreit  iluring  tlieso  yeaiK,  little 
beinR  done  bv  the  totrna  and  maun  facta  re  rs  to  kee|>  the  Inrgiir  Btreanm  from  being 
poUuteJ.— (p.  256.) 

Other  Masaaclmaetts  Reports  of  value  are  (1)  the  Report  of  ('ommis 
sion  Appointed  to  t'onsider  a  General  System  of  Drainage  for  tlie 
VilUeya  of  the  Mystic,  Blaekstone  and  Charles  river.s  (IfiSU);  aud  (2) 
the  Report  of  the  State  Board  of  Health  uiion  the  sewerage  of  the 
Mystic  aud  Charles  River  Valleys  (1HS9).  Both  of  these  reports 
should  be  read  by  whoever  wishes  to  fully  consider  the  literature  of 
Sewaa:e  Disposal  in  the  United  States. 


Maine. 

In  Maine  a  few  chemical  analyses  of  river  waters  used  as  iinblic  sup- 
plies hjivo  been  made  by  the  State  Board  of  Health  in  the  last  fi'w 
years,  the  results  of  which  may  be  found  in  the  Annual  Reports  of  the 
Stat«  Board. 

CoNNECTIClT. 

In  Connecticut  the  General  Assembly,  by  an  Act  approved  March 
'24,  1880,  made  it  incumbent  upon  the  State  Board  of  Health  to  "  iuves- 
tij^te  aud  ascertain  so  far  as  piacticable  all  facts  in  relation  to  the 
jiollntioii  of  streams  aud  natural  waters  of  this  state  by  artificial  causes, 

*  Fur  filrtbrr  in  rug&rd  Ui  [-ollcitioit  of  thi?  BliLclciitone.  flee  Chapti-t  XXVIT 
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wUiuli  iij  their  jmigmeut  may  be  necessary  to  detemiiiie  the  sanittir)' 
aiul  euuiiomic  etfocts  uf  Buth  (jollution." 

TliL"  iv(  irk  aiitbiirized  by  tbis  act  was  put  iu  charge  o(  ProfesHor  S.  liV. 
Willintoii,  uf  Yali'  College,  wliu  submitted  a  preliiuiiiary  report  iu  the 
Tenth  Ajiiiual  lleport  of  the  State  Board  (1888).  According  to  Pro- 
ffusor  Willistou,  this  trmetiueiit  grew  o'lt  of  a  conviction  on  the  part  uf 
those  acqtiaiuted  with  the  rapidly  g-rowiiig  polhitiou  of  tlie  streams  of 
Coimecticiit  that  the  time  ha<l  arrived  when  state  jurisdiction  was 
imperatively  ni^eded.  Many  of  the  streams  art'  already  in  or  approach- 
iug  a  «tato  of  i.-xt-essive  polbiticm.  The  growth  of  mjiuufacturiug- inter- 
ests, and  the  decrease  of  the  ajiri cultural  population,  has  lieen  steady 
jiud  general  in  t'oniiecticut  for  some  years.  The  iuauufai;turing  towns 
and  cities  have  thus  increased  rapidly :  many  of  them  showing  50  per 
cent,  or  more  in  the  hist  dewide.  This  has  produced  a  twofold  result 
upon  the  streams;  not  ouly  are  the  manufacturing  wasteM  added,  hut 
the  po[)ulutiou  by  compacting  in  towns  is  broiight  into  the  most  favor- 
able condition  for  discharging  sewage  and  other  human  waste  prod- 
ucts iliroctly  into  the  rivers. 

The  chapter  on  Mannfacturiug  Processes  and  Refuse  in  Pi-ofesaor 
Williston's  lU-poii  gives  in  brief  s|)ace  the  essential  facts  in  relation 
to  piillutiou  from  the  ordinary  manufacturing  processes,  and  it  is 
accordingly  included  here  us  a  useful  contribution  to  the  recent  Ameri- 
can literature  of  rivers  pollution, 

MASTPAmTRING    PlUKKSSES   AND   ReFTSE, 
BRASS   MANUFACTURBB. 

Ab  is  well  known,  the  various  hnum  iiiannfiM-tories  form  tlie  rliier  itiiIiiBtrv  of  tbe 

NuuRntnoli  valli'v.  au  ijulustry  for  wliiuli  not  only  Uie  cliief  towns  on  llie  river  ure 
tioltiii.  bnl  iiUo  fi.i'  wliicli  tlie  Stale  ilself  is  JHslK  pdijlmiled  tliiniiifliont  Aiiiriii'H. 
TlieH-'  limss  niirks,  notwitliHtaiidiiit-  tlieir  uxti'iil,  iiv  in  n?iility  |ii-i»liU'liv.*  uf  jitll*- 
Iiurin  111  tlie  rivfi' in  a  Enoitftiy  hi.'d.si^,  tlniiigli  tliev  Liive  luii|;  niuri?  I'l'iiiloii'il  llic 
niitei'  of  (lie  stream  nliolty  unlit  for  li»ili,  tlie  elilcf  wikatc.  !'lii|iltnt«'  of  i;u|>)icr,  li^iug 
till'  iiiorti  [loisououa  of  iiiiy  Mibstimee  known  to  iIiih  form  o(  life.  Tlieir  lefiise,  asitli.' 
from  ilui  Bfiwufje  of  their  o|)cnitives,  is  uhiioRt  wlinlly  adOa  nntl  oils,  willi  a  ci-itwu 
eniiKi.Iur.ihle  qnuntity  of  lln-  niclulu  tlieniwlves  ilinsolveil  liy  llii>  iifliou  of  llni  m-iiis. 

Till'  ivfiise  or  tvust?  iimtcriuls  iliflbr  8oni>:'"'l)iI  in  clmi acter,  1>u1  not  iniii'li,  uouord- 
iiiK  to  till"  (iiTHlnct  of  the  various  mill'!.  Bome  of  the  mnnnfin.'tiirii>"  ]>roiliK'i>  only 
Ihe  ulii't't  or  I'lir  brass  from  llie  <'0|j)icr  ami  kiijc  ;  otliem  ui'r>  eiiRairi'il  wlinlly  in  the 
|mnliic(iiiii  of  llio  various  metal  jjiiodn  finin  llie  iilioy,  vvliile  ollii'i-s  mimiifai'liire 
imtli  llie  tiltnv  (in.l  <lie  pwHls.  Of  llii-  rolliii'j  niilt-'  ]ii-i^|j''i-  llierc  arn  n  Iinlf  il.-.):t.|i  or 
more.  liiL'ateil  In  TnmnRliin,  TlioiiiftKlon,  Wnti-ihiHy,  Seymour,  ami  Ansoiiiu,  niul  all 
ef  l.1i>>m  aro  on  a  more  or  less  extensive  M-ale.  ■■ni|)loviiiit  al>onr  foiii'llftha  of  all  tlie 
oiKiinlive'"  enifaijpil  in  tlie  liiasK  imliiHtiieH  in  llio  Naiiaiitiu'li  viilW. 

In  Ml-  roiling  mills,  tln>  nciils,  I'liiefly  «iil|>lMi'i.\  m-o  iihi-i]  nImoKl  wlii'Uy  for  lli» 
I'pmrivnl  of  tlic  [)\iili/<'il  tiCiilcH  oti  tlio  )iiiiliii'>-  tif  the  mi'tui  iif'er  nnii'-Hlin^.  TtiP 
metal,  in  llie  |irr>i>t'HH  of  rolling  hi  i*  W'il  Uiinini,  lievonieH  liaitl  ami  liritilo  aixl 
r&jii!ii"«  ivj'i'iitetl  litiutiii«  in  onlrr  'o  render  it  ilnetile,  Afl<'r  linviiis  l.i>t-ii  llios 
lie«teit.  tli>>  larnisliMl  itRrface  ix  »i;i>>a  r«nd«reil  clean  and  shinuig  liy  iinmerHinn  in 
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'diluted  ftciil,  n  process  teclinieallv  called  "  |ii<>ldiiig." '   Tile  iicid  fur  this  jmi'iiosc  14 

diluted  ill  a  large  vut  witii  six  lii  Iwelvo  tiuieH  ilH  quantily  iif  WKtw,  uiid  is  (^onatmitlv 

ko(it  ifiiewetl  liy  liie  additiuu  ut  uL-id  11s  ila  Hiiuiigtli  is  wfiikcned.     'i'liis  iiifkiin;^ 

Tat  may  bu  em|itk-ii  and  ri'iiewed  daily,   wet-kly,  or  at  loiigisr  iuteivals,  dejieudiiig 

i]|ion  tbe  differeiit  usages,  ami  tlie  dvlTeii^iit  aiu<iiiiitH  tif  iiielal  U'eated  in  it.     In  no 

nikse,  liDWever,  nm  I  aware  of  tiie  reL'ovnry  of  any  ]mi(  nf  ibe  ai'iJ  iu  tiio  melal  sails, 

4flue})t  ill  <!i>jHH;r  mill-,  wliere  tlie  i-npper  L-rysUils,  iiiei;i(iilated  from  tlia  hatiiiated 

^  aotutiou,  tui;  reiuoveil  mid  iIivdwii  ililo  the  fiiriiaL-u  to  liu  again  redui-ed  lo  tbe  uiplal 

Htati).     After  ihe  luetnl  Iioh  liei-ii  alll■\v^^i  to  lemuiu  iii  tbe  lilfkling  vat  for  a  few 

iiiiiiiite><,  it  is  leiuiivi'd  and  |ihi('ed  in  aiiulbi'i'  vat  uf  lUimiiii;  ideati  water,  to  leniovs 

Iliu  iv.tidiie  oF  ai;id.     It  i^  ibiin  si^l'ii  tliat  all  or  nearly  all  of  tlie  adds  employed 

pti  tlie  stream,  carrying  iviili  tlieiii  co|>)'ei'  and  siiiiu  in  solii.ioii,     Hiiw   uiiit'U 

apjier  and  wnc  is  tliiis  lost  1  caiiiiDt  say,   lull,   from  analysis,  I  believe  tlint  more 

'ibaii  one-iinlf  of  ilie  arid  lieeoim-s  saltii-ated,  mo  tbat  tbe  amount  actually  going  into 

tlie  stream  is  ai  least  tliirty  per  cent,  greater  tban  Ibe  amoiiiit  of  acid  used. 

AliMO^'t  tbe  only  otber,  aud  tbe  wor.'<l,  element  of  coDtamtnalion  from  1I10  ladling 
inilh.  is  tliat  c;:iiised  by  tba  oils  used.  Tlie  lirass  tbat  in  cast  ialo  bars,  eiibrr  for 
^intTire  roliiug,  or  f.ir  use  as  siicli  111  oLlior  man n fact  11  ling  purposes,  letpiires  liie  iiss 
'  oil  in  the  moulds,  Ijiit  Iliis,  it  is  unnecessary  to  state,  is  all  couMmied,  111  llie 
^)i'<'('ii'S  of  rolliiiif,  boiu'vei',  lavU,  lisb,  and  wbalo  oils  in  about  equal  proiuiHions,  ai'e 
applied  to  tbo  snifuee  of  tbe  metal  and  the  rollerij.  Some  little  of  ibis  oil,  it  ta 
^true,  tiiids  its  way  tbrouyb  and  ia  cinisnmed  by  tins  tiro  iu  tbe  protess  of  anneiiliuB  ; 
^Hitt  Ibe  great  pressure  of  tbe  rolls,  it  is  readily  undci'slotid,  squeezes  l)ack  Ibis  hiuI 
^^kuse'i  it  to  How  oiT,  for  the  greater  )>art,  into  a  trough  or  depression  below,  wbenco 
^Hl  ill  carried  ofl'  by  a  stream  of  eoiwlantly  flowing  waler.  Very  lillle  of  Ibe  miiienil 
^^pls  is  useil  in  roiling,  but  cbielly  for  lubrication  on  liearii.ijs.  My  reports  iviU  not 
nhow  aociirately  the  aiiiount  of  oils  lliat  me  used,  for,  in  some  of  Ibe  nianufacioiiea 
wlieri-  I  am  pretty  coulident  lliey  must  lie  employed  to  a  greater  or  less  e\lenl,  no 

E]ioits  ivt?re  given  of  (bem.     Sevei'al  of  the  largest  niannfai; lories  ou  Ibe  liver  did, 
iwever,  give  complete  reports,  from  which  it  is  evident  I  hat  lard  oil  is  not  the  one 
liuUy  used,  but  also  wliale  and  tlsli  oils,  as  well  us  large  (jiiantiliea  of  the  mineral 
Is.     The  report  of  one  iaiw  Hrin  « ill  nh'o  a  |U'elly  elear  idea  of  the  nniount  used 
r  tilt"  rolling  mills.     In  Ibi^  inaniifaclory,  for  each  one  Ihonsanil  jiounds  of  metal 
treated  or  miinutactiii*eii  one  gallon  of  "  lisii  ami  ininerid  "  oils  was  nseil  and  lifleeu 
^^oiiniU  of  acid.     Of  course  the  lighler  inincnd  oils  nie  the  oues  least  likely  to  got 
^^bto  the  water  and  Ibe  ones  ieasi  injurious. 

^H  The  only  other  rcfuae  from  ibe  ridlin-:  mills,  aside  from  tbo  sawage  of  the  oper- 
atives, ia  derived   from  the  einilein,  sconic,  and  other  matter  containinK  fraglnenls 
of  llie  metal  wliieh  it  is  desired  lo  save.     This  material,  after  having  been  erushed, 
I  washed  by  wrUet  and  tile  Ineluls  He)ii>i'aled  and  again  Hsed. 

Miioli  Ibe  larger  amount  of  bmsH  iisisl  ia  composed  of  eopj>er  and  zino  in  thepro- 

nrliou  of  abont  si\  to  four ;  «liei*e  the  alloy  is  desired  of  a  more  gninularorliriltlo 

liamcter  to  adapt  it  fi>r  turNiTig,  rat  her  tban  for  ductility,  a  small  part  (two  or  three 

vt  cent.  I  of  lead  is  added. 

Iu  tbe  larger  nunilier  of  the  manufactories  the  alloy  ia  cast  or  tamed,  or  othei^ 

lisu  formed  into  tiie  various  objects  for  wbicli  the  metal  is  used,  and  bere  iieces- 

Irily  I  bey  undergo  a  dift'erent  treatment,  but  one  not  essentially  different  so  fur  an 

pfan^   it  ''uiiceiited.  save  in   the  ii«e  of  oil.      In  most  of  these  the  acid  is  used  to 

jv  triine  dtvsired  hiiihib  lo  tbe  goods,  and  not  merely  to  clean  Ihe  HUrfaeo.      Snl- 

Tinric  acid  is  still  used  in  by  far  the  larger  qitantily,  but  mniiafic  and  nilrie  acids 

'  also  nsBil  in  difTorent  ways  and  in  dirterent  combinations  to  produce   diircient 

i-cts.     The  process  is  lecbiiically  called  "  dipping,"  and  the  acid  is  used   in  full 

rnijglli  in  small  Ueltles  kept  at  a  boiling  temjiei'atnr''.     Betot-e  being  dip]>ed,  the 

Bods  are  treated  with  a  solution  of  causlie  soda  to  remove  whatevei'  greaw  may  be 

lU.TioK  lo  Ibem.     After  dipping  tliev  are  waslied  in  lUnninR  water  and  polisl'ied. 

li--  dipping  vala  ai-e  kepi  at  tbe  required  strength  and  the  contents  changed  from 

Itue  lo  time  (sevend   inoulhs  before  being  wholly  changed].     The  combinalinn  of 

awe  aeids,  their  proper  degii-es  of  strength, and  the]iropermelliodK  of  using  them, 

qnirfi  a  certain  degree  of  lechnical  skill  on  tbe  part  of  Ibe  worker.     The  melal 

kttii  are  not  recovered  in  this  process,  or,  if  ho,  are  treated  as  refuse,  so  tiiat  1)10 
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uuiJs  all  pntcHcally  find  their  waj  into  tlie  stteam,  together  with  a  coDsiderabls 
(]nantily  ii(  ilie  metila. 

Qqb  linndroil  pounda  of  sulphuric  acid  Qsed  in  the  pickling  baths  require  for 

saturation  : 

64.3  (louuils  of  copper,  producing  2&i  pounds  of  blae  Titriol 

[ChOtHiSO.^CuSO.+H.O]. 
6G.3  ]>oiiDds  of  zinc,  producing  292  pounds  of  whit«  vitriol 

[ZiiO+H,SO.=ZnSO,-rH,0]. 

One  hundred  pouuds  ot  Iho  same  acid  iised  in  the  hot  dipping  Vinths  would 
require  ; 

32.1  pounds  of  copper,  producing  127  pounda  of  blue  vitriol 
[Cu+2{H,HO,)^Cu80,+8U;+2(H.O)]. 

33.2  pounds  of  zinc,  prtxlnaiag  liiiA  pounds  of  white  vitriol 

[ZnH0,'+7H=0]. 

Considerable  qimntitict  of  soup  aie  loporled  fram  llii?  latter  class  of  manilfacto* 
riex,  used  for  niit.'  drawing  mid  hibriL'atiug  metals  in  press  operations. 

In  tlio  jiolislitng  of  btuss  and  iron  conaidtiruhie  quantities  of  oi!  and  grease  are 
used,  wliich  ale  afterward  rerunved  by  potaKb  in  difterent  f'lruiB,  or  other  ulkaliea. 

Ill  all  till.'  biiLss  uianiitactdriiw,  save  the  rolling  niilU  proper,  considerable  quan- 
tities iif  cyanitle  of  polaslt  and  ammonia  arc  lepui'ted.  These  are  used  iu  electro- 
luelallui'gicnl  |iioce«ieH,  and  all  are  wasleil,  together  uith  some  fatly  mattei's  taken 
np  bv  the  alkali.  Goods  to  be  electroplated  are  first  treated  with  the  alkali  to  re- 
move what  j;reasy  matters  may  bo  adliering  lo  liie  metiil,  and  are  tliei'  subjected  to 
a  dilute  lialli  of  acid  to  remove  the  ontden  from  tht;  surliii-c',  Tliey  aie  then  placed 
iu  a  solution  of  the  cyanide  of  potusb,  which  acts  t,s  a  carrier  or  agent  in  the  de- 
poHlIion  of  the  metal  by  the  gulvainc  cuiTpnt. 

Cyanide  of  potash,  as  in  well  known,  is  a  virulent  poison,  and  there  is  a  HulBcient 
quantitv  tiniplored  anrinally  in  the  Naugatuck  valley  lo  dextiiiv  all  the  iuhnbilanld 
of  the  United  Wtates.  yet  it  in  doubtful  whether  its  coii'aminaiing  inducnce  is  vorj 
great.  Tlie  waste  solution  is  more  or  less  noutralizcd  by  acids  and  diluted  in  lh6 
drain-pipes  that  carr^-  them  off. 

The  amount  of  aqua  ammonia  reported  docs  not  differ  uiiwh  in  the  varions  maun- 
factories ;  from  two-tliirds  as  much  in  weight,  as  of  the  cyanide  of  potash,  to  aa 
«qnal  quantity  are  given. 


aoK  UAKvTAaruRK. 
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In  the  manufacture  of  iron,  almost  the  only  waste  of  importance  comes  from  tba 
pickling  baths,  used  to  give  a  clean  non-oxidized  surface  lo  the  metal.  These  piok- 
iing  vats,  as  I  saw  them  in  oni<  of  tlie  largest  iron  manufactories  in  the  State,  were 
elongated  tanks  holding  scveial  hundred  gallons  of  dilute  siilphnric  acid,  kept  at  a 
boiling  tem|ieratnre.  The  iron,  iu  the  shape  ift  bars  or  long  piales,  was  bnnigbt  in, 
in  bundles,  by  suspended  pulleys  and  immersed  for  a  (ew  miuiitea  in  the  lii-st  vat, 
after  which  it  was  cariied  to  a  sccoud  similar  vat  and  likewise  allowed  to  remain 
(or  a  short  time.  It  is  ne:it  dipjicd  into  a  vat  of  walci'  to  wa»b  off  the  supcrUuoita 
acid,  and  ia  then  dipped  into  a  fonrlh  vat  containingaheated  solntion  of  lime  to 
neutralize  the  remaining  acid. 

The  common  practice  is  lo  add  fresh  acid  to  these  mts  from  time  to  time  during 
the  day,  as  it  is  needed,  and  then  to  empty  them  all  at  the  close  of  the  day's  work. 
.\  sample  which  I  was  kindly  ]>ermilted  to  lake  at  the  Stanley  works,  of  New  Brit- 
ain, from  one  of  ihcsc  pickling  tubs  a  little  before  the  con'eulu  wet's  to  be  tumed 
into  the  (itream,  rbtl'  the  following,  as  slated  by  Profpssnr  Kniitb  ; 

■'The  'bath  solution'  cnntaiiis  o.tilt  ]wr  cent,  of  Bulphnric  acid,  calculated  oa 
Buch,  of  which  there  is  snfBcient  iron  lo  onito  with  ST  per  (■ent.,  leaving  but  13  per 
-conl.  of  the  snlplinric  acid  in  the  free  condition  ;  or,  .70  per  cent-  ia  tlie  nmonnt  of 
free  acid  that  tha  sohilian  contains." 

It  ia  thns  aeen  tb»t  foar-fifths  or  wore  of  the  aoJd  eotsn  the  sti'eain  as  sulpl 
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ot  iron  (co|i])era8).  For  everv  ton  of  Hcid  thus  nspd,  nine  hundred  pounds  of  iron 
are  taken  U|i  in  Bulnlion,  proJiiciug  fom-  tlionswiU  iioiiuds  of  ciipiiems,  tu  whioh  is 
U'  be  uUJi.'il  lour  hiiuili't-d  poniicii  vl  tiop  nL-i.(. 

TillLiiug  is  It  tiroi^oHS  liiitt  in  often  apjilieil  to  ii'uu  goods,  mul  esjK'eially  to  jiins. 
li  \i  lionu  by  boiling  the  Kotnis  to  be  wliileneil  in  a  suliitioii  ot  ci'enm  of  IJutar  with 
block  titi  or  "  lici  crfHliih  "  tor  two  or  three  hours.  I'mcliiiully  all  the  waste  here 
is  the  oream  of  tuitur  iiloni?.  lu  tlie  niuiiufiiL-tiire  of  pins  there  ia  but  little  other 
vruite ;  tlie  tiiuH  uro  made  lij  mat^hiues  wliii'h  eomplete  Ihem  readv  to  wliitfiii ;  after 
whili^nin^  tli^y  arc  Rtuck  lu  {inpers.  Hooks  tinrl  t-yes  aiv  nhiteiied  in  theEanie  waj". 
lor  are  covireil  willi  j.tpan.  a  varnish  composed  of  asp hnl turn, lioaeed  oil,  and  tni'peii- 
tiu",  of  which  there  is  little  or  no  waste. 

In  lht<  munnfuctiire  of  metal  buttons  and  !!<iuiilai'  ^nodH,  aunther  Hource  of  vast e, 
Aside  from  that  due  to  the  ordiuaiy  use  of  Iho  acids,  is  the  japan  rainish  lenioveil 
from  tin  plate.     The  aiticles  are  boiled  iu  a  .solulioti  of  euimiii^  Kodn,  and  the  latter 

washed  ofT  and  carried  iiitu  the  utreum  together  with  the  Bnpouilieil  varnish. 
Small  amouuts  of  'ilaiinate  of  soda  probabi;  ({o  with  the  noda.  In  the  baking  to 
which  the  vainiBlied  ai'ticles  are  previously  anl.ijecti'd  Iho  tuiiieoline  of  Iho  varnish 
i«,  of  cotirse,  difisipalifd.  This  waste,  however,  fftniiot  be  vcit  ira]Kirtaiit.  In  a. 
firm  employing  two  hundred  bands,  not  moi-e  than  tiiglit  jionnds  of  the  alkali  used 
daily  wcie  I'eporteil,  and  there  conscquGntly  could  not  be  a  very  lai'ge  qimutity  of 
the  varnish  removed. 

In  the  jiolishing  of  the  metals,  an  has  already  been  Raid,  considei'ablA  quantities 
of  oil  and  gieasu  are  used,  which  ore  afterward  I'eiaoved  by  potash  or  other 
alkalies. 


PAFEB   MANUFAtrTDHK. 


There  ore  numerous  jmper  mills  on  the  atreams  examined,  and  I  have  been  nnable 
I  obtain  a  full  knowledge  of  the  waste  products  of  the  very  various  I'aw  materials 
BBti.  In  many  of  ihe  smaller  iiiaiin  factories,  especially  on  the  Hockuriuni,  heavy 
binder's  boards  ate  made,  and  as  there  is  no  bleaching  nor  much  cleaning  of  Ihe 
RW  mntciials,  tiiere  ia  little  refuse.  In  others  where  the  coarser  |>apers  uie  nianu. 
tctured,  aud  where  jute,  giiuuy  sacking,  old  pajier,  nnd  c(>lo>vd  iikgs  uru  used,  the 
rgaoic  waste  may  be  iis  gieat  uc  even  greater  thati  in  those  where  the  higher 
qualities  of  wriiiufj  paper  are  produced. 

In  the  manufacture  of  jiaper  from  rags,  the  fli'st  piocess  that  the  material  iinder- 
ves  is  prolonged  boiling  under  pressure  in  a  solntion  of  lime,  by  which  the  fibre  is 
roed  from  the  glutiuoiis  and  other  utattor.  Caustic  soda  may  be  used  for  this  piir- 
niii>,  oxpocially  tor  the  hiwer  grades  of  pajier,  lutt  in  the  mills  iu  Couiiecticut  lime 
is  used  either  alone,  or,  for  colored  rags,  with  a  nlight  addition  of  the  sodii.  This 
■ointion  of  lime,  after  use,  with  all  its  impurities,  ia  turned  into  the  stream,  and  the 
rugs  are  subjeoted  to  long  and  thorough  washing.  It  is  seen  that  almost  if  not  quite 
aJI  of  the  limo  thus  gets  into  the  stri'aiu  ;  certainly  but  a  veiy  small  part  can  remain 
the  iSbro  after  several  hours  washing  iu  ruuuiug  water.  From  ten  to  fifteen 
:>niidx  are  used  to  overj  huudred  pounds  of  rags,  and  the  extractive  matter  dis- 
Iveil  out  by  it,  together  with  more  or  lesn  of  the  fibre  itself  washed  away,  must 
Id  materially  to  tlie  waste.  The  next  prooess  in  thejiVoductiouot  white  or  light- 
olori'd  (ia|iers  is  bleaching.  The  material  used  for  this  purpose  is  caiied  chloride 
f  linu",  but  is  rt-nlly  a  combination  of  the  chloiide  and  hypoclilorile,  aud  even  in  the 
est  ([lutlities  rarely  has  more  ihau  thirty  five  per  cpul.  of  chlorine,  the  etTective 
gent.  Th->  icsiduum  of  iion-sohible  parts  is  Intned  into  the  stream  and  the  clear 
Dlution  is  a|)pj|fd  Iu  the  pnl]>.  To  set  free  Ihe  chlorine,  large  quantities  (a  third 
a  half  as  much  as  the  bleaching  powders)  of  ninm  (or,  in  some  places,  sulphuric 
cid)  in  added  to  the  solution.  The  pulp  i^^  allowed  tii  remain  in  the  solution  for 
ome  time,  when  it  l.t  removed  and  very  thoroughly  washed,  and  the  spent  solution 
1  discharged  into  the  river.  Aaaiu  hero  it  is  seen  that,  besides  the  iilum,  nearly 
be  whidu  quantity  of  the  blenching  powder  linds  ils  way  into  the  stream,  either  as 
iiue,  chloride  of  lime  undissolved,  or  other  chlorides,  chlorine  gas  dixsolved  in 
water,  or  hydrochloric  acid.  AU  this  bleaching  waste  is  highly  injurioas  to 
bee. 
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The  tefone  from  this  claan  of  wills,  lLou)fli  conlainitig  oot  a  little  Drganio  matter 
fi-oui  theflltb,  gre*ae,  etc.,  of  tbe  raga,  caiiiiul  cnuvtv  luany  gunus,  as  tbej  must  be 
■l^sti'oyeil  ID  the  Imilmg  {jri)cesse>i,  eiceijl  Hiu-h  oh  aic  iu  the  iluat  ajiJ  lefUAe 
Mepamted  iti  tliepreliuiiuurynnrtiug  aat  ui  the  lugK.  The  fatty  acids,  furthermore, 
are  cotivert«i]  into  iiiKoluUe  liiiieKoagis.  A  large  jiart  of  ilii'  iiiuleiinl  iliacharged  in 
limp,  ft  Kultstuuee  that  fnn  hmilly  lie  saiil  to  cmiiBiiiiiiat.'  ihc  wntei',  e^^iiedully  in 
Kew  England,  whfiv  the  I'iveiit  ai*  di-lii-ient  in  tliiw  iiiiueml  mniter.  For  eveiy 
iiiilliou  jiouuds  of  fine  writing-jiaper  iiiuniifactiKTci,  ti'oni  Ihi'ee  lo  foiir  liiin(1i'<>d 
thousand  pounds  of  solid  reftist?  niatlpr  are  discharged  into  the  river.  AL-oovdjij^ 
to  tbe  British  repiiils  on  Rivers  Pollntion,  from  fine  white  rags  there  iH  ultotit 
rtfteea  per  cent,  refn&e ;  f i-oju  iMlored  rags,  tn'ejitj-flve  [jer  cent.;  from  eafxtrtn, 
iorty  ;  and  fi'om  sti'om,  fifty  fier  cent.* 
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Ou  tlie  riverB  examined.  Ilie  woollen  mauufaetoriea  arn  chiefly  confined  to  the 
Hoekaiiiini.  On  the  Nuiicatnck  thtre  are  but  few  that  uianufuctni e  from  the  niw 
material.  In  foriuor  yeiir?  the  woollen  manufacture  of  this  stream  woh  uneb  mora 
importuul  than  it  i.i  «l  pi-eseut.  During  the  lu.-it  year,  even,  <ine  of  the  priiici{>BJ 
mills,  tbat  at  Beacon  Fulls,  has  Enspeuded  indefinitely  ila  ojie rations,  throwing  ont 
of  ciupluy  some  ihiee  hnndred  opei'atives.  There  is  pitihablr  no  ela»i.s  of  maniifac- 
lorie-t  in  the  Stole  thai  jnillute  tlie  -streams  more  exlPUNively,  in  projrorlion  (o  their 
nuudier,  tliuu  Ihene,  llieir  wa^te  consisting,  as  it  dois.  ehiefly  ot  organic  miilerial. 
■' Wl-oI  is  always  aivom]«Died  with  other  seci'etioii.i,  nhit-b  issui-  from  tbe  skin 
along  with  it  ami  lulnicale  it,  rendering  it  more  ur  lex--*  'yoiky  '  and  giving  it  its 
Decnli;ir  and  chatiictifi'islic  odor.  These  secretions  differ  luormouBly  in  unionnt 
lietnei-u  the  different  breed's  I'lid  vaiy  greatly  iu  chaiaclcr.  Here  it  is  isuSirient  to 
say  that  liesided  tbe  uil  that  uceomiiunies  ull  wool,  there  is  a  complicated  mixture  of 
Bcvernl  chemical  suhstiicces  cnlled  lop;ptlier  'yolk  '  or  gum  (or  sometimes  '  sninl,' 
tbe  French  name,  German  ■  Fi-tti-rschweiaa' and  '  WoUseliweiBs-'i.uud  nhicli  conati- 
tules  a  large  perceuluge  of  tiie  uunasbcd  merino  wocl.  In  extreme  ca^e^.  anil  with 
certain  line-HOolcd  breed*,  iliese  Hefrctions  c^>ll^lltule  upward  of  sixty  per  cent,  of 
the  unwashed  fleece,  diiiiiiii.shiug  in  t|uaiitity  us  the  fibre.K  becomes  coai'ser  and  the 
staple  loDgei',  ami  as  tlie  wool  (laases  from  the  carding  to  Ibe  combing  varietiM, 
reaching  its  nilnimiim  in  certain  coarse-wooled  native  breiHU,  This '  yolk  is  cbemi- 
cnlly  a  sort  of  ualniul  sr)»p,  and  ii  more  or  less  soluble  in  water.  In  certain  ineriiio 
breeils  It  is  bred  for.  and  thus  its  ijiiautity  has  been  iielalively  increased,  and.  when 
abundaiit,  dirt  and  diisl  are  luai-e  apt  to  cling  to  lh<'  wool,'  tlm«  diminishing  still 
fnrti)er  the  jiercentnge  nf  nctiial  wool  libre.''  (Professor  \V.  H,  Brewer,  Bcjiofl  ot 
Ibe  Xulionnl  Acud.  of  Si-iences.  1885,  p.  lil.) 

.\s  is  stated  by  PL-ofe-.sor  Brewer  above,  the  composition  of  this  "yolk"  or 
"  snint"  is  veiy  couiplicaled :  in  an  analysis  apjionded  to  Lis  report,  DO  leKS  tbui 
thirty  different  chemiml  c 'mi  win  nils  are  cnunieiated. 

'■  It  it  the  coNiiiiiin  practii'i-  with  Hln-ep  growers  in  most  coiiutriea  before  shcaritig 
to  wash  the  sheep  in  innniug  water  "f  naluml  teni|«'inmie,  Th<'  ydk  is  partly 
solnble  in  cold  water  (moiv  in  hot],  and  if  the  wa-ahing  i-i  thorough,  a  i«rt  aUo  of 
the  oil  and  attached  dirt  i'  removed,  the  oil  lieing  somewhat  suliible  in  a  sohitiivn 
of  the  yolk,  or  else  it  and  other  dirt  ore  mechanicnlly  removed  wiih  the  BiKEiiir 
emulsion.  No  nmtler  how  juKirly  this  washing  by  the  wnobgmwcr  may  lie  done, 
«r  how  much  iuiiMirily  tnay  be  h'ft  in  th"  fleece,  it  is  known  in  the  market  u 
wii'hed  wool."      (W,  H.  Bivwer,  il)id  .  p.  "7.) 

Raw  wool,  of  onlinary  grades  an  it  coincs  to  the  nutnnfRctnrer,  eontaills  a  lliird  or 
more  by  weight  of  organic  mutter  that  it  in  nii-'csjiarv  lo  remove.  This  retiioval  i« 
accoRipliKh<st  by  --(-ouring  iu  alkaline  solutions  chieflv  K<>da  a"h,  bnt  also,  it>  somo 
lit  tbe  mills  at  least,  in  nriuc,  (he  latter  being  ua-d.  T  have  liccn  loM,  to  give  ■ 
sutler  finish  lo  tbf  goixl*  thmi  nui  be  obtafii'il  (i-im  the  oniinarv  alkalies ;  tl»t 
nrine  ut  not  noed  lnor»  ritenxivHly  in  many  >'(  the  Connecticut  mills  is  due  to  the 

*  Fat  mora  oompitte  iliioiwaon  ot  itw  ocnutitaeata  ol  {spcr  mill  •ulsn,  MC  A  Mtiul;  ot  Ekp« 
Hill  Wute*.  in  Chapter  SVt 
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iifllL-nlty  of  prm-iiiiug  it.     Tin?  iiTiicniiiis  nt  ftlkalins  ri'tujouJ  by  fonr  iliflerenl  milU 
[f.ir  each  llionsnnil  ikhiihIi  of  niw  miiteiial  treal<-il,  aie  at,  follows  ; 


Sul  S..1I11 48  130  22 

(JoUaAsli 75  32  50 

12»  lfi-2  72 
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Of  tliiH  amount  of  wool,  troatet)  hv  tliesti  aiid  other  detergeDts,  probably  at  leut 
three  Iiulji1ii\1  pounds  aie  leiiioved. 

In  Eugiisli  mills,  tvlii^ie  uiiue  is  iiattit  e\teiiHiv'<.'h',  iii  tLis  tii'sl  uasiiiiig  about  live 
iLniiilrud  poiiiiiU  urc  used  to  tlm  tliuiiauiiil  wciglit,  uiili  alioul  llfty  pounds  of  itlka- 
lies.  As  my  iv |ioii:->  sLow,  q  uiiicU  lai'Kei'  iiiimmit  cif  tlif  ulkulien  is  used  in  tlia 
CoiiDecliciii  iiiilJ-:,  Buil  bill  little  iijiiiP,  ;it  lea^t  I  wus  so  told  by  sinenil  niauufai-t- 
lireis  All  tUiH  iu(a--e  j;""'^  in'"  tli^  •ilicuui.  Afltr  riuHimr  tlir  next  pioupss.  in 
tUe  mauiii*>t>'tnrt!  of  liiiu  liliiok  i;l<.itb»,  is  ilmt  of  ''  unadiii^,"  in  nbicli  Ibo  nrtol  ib 
•tec|H?d  (.'!■  II  "lioil  time  in  a  8oliilii>ii  of  iii'liffn.  Tbi-*  sulutiim  is  wned  cotiHlaully 
Willi  fi'Bs!]  iiddilLOUM  uiid  Uie  i>[ily  (lai't  ibat  tlnd^t  il»  uay  into  the  utri^ani  in  tbc  litlla 
tliat  IH  it-uitiv<>d  fioin  the  Wool  iji  riusiug.  l''ioui  tivo  i>f  my  i't'])c)iU  1  tiud  uot  iiinie 
tbuD  all  or  aevi;u  puunds  of  iudigo  (,'>vbu  daily  foe  eueli  Ibousund  pounds  of  I'aw 
mail -rial. 

Til.'  nest  step  is  dyeing,  ill  wbiob  tlif  cliieC  Hubstunfe  used  is  logwood.  Fimi'  of 
rtlii!  milK  (join  wliieb  I  bavu  rejHirl.s  of  tbe  dvestutlV.  and  tbe  ia«  luuleiiii!.  fjiva 
■'•rn  llii'e«  lo  live  liuudLt-d  pouudx  of  tlie  logwood  fi>i'  I'm/li  tbousaiid  iKJuuds  of  luw 
■III.  Willi  tlie  lnf?iviiod  and  iilliei-  oi'Kiinii:  dycHMill's  (fustic,  caniwiiod,  iniiiliii'r, 
Ii'  I  are  used  ia  ditfeleilt  iiiutbrnls  of  dyeing,  various  moidaulH.  tbe  t^liii^f  of  wliii^li 
li<<  L'jppui'as,  tbe  uevt  ai'golH  (ciude  i^ieaiu  lartai),  tbeu  bioiiiimiule  of  ])oln;^li.  alum, 
lililo  vitriol  and  till  ciy>lals  oi'  mUiiaU;  of  tin,  Tlie  u.iiil  afiel'  liiiviiiK  been  Imiled 
ill  llie  dyeiii''  vat  foi  an  boar  or  mnii.'  i.s  well  waslieil  in  lunniiig  «iilei',  and  llie 
coniaiit4  of  the  vut  tiiriieLl  iiilu  ilie  sCrtULiii.  At  a  li.df  or  iwn-tbirds  as  mm-h  dye 
tualerini  is  usL<d  as  the  woi>l  weii;bs  it  i»  very  ct-rtaiii  llia^  Midy  a  Kiuidi  pivporlii'ii  is 
ulrtorlji'd  in  the  clotb.  Il  is  tbis  wasie  materiid  thai  diHeiilui-s  the  atL-eaiiif  ho  much, 
and  whii^h  causes  the  chief  uomiilainis  by  the  irilmbitiinls  along  the  alrcanis.  The 
■niouul  <'(  '^piint  dye-liquor  turned  into  the  Htrt'auis  Itus  bi-eii  estimated  al  G.IHH) 
U.  S,  ttalloUH  for  each  ihousalul  p'Uliidit  of  raw  mulet-ial  trcaleil,  by  the  tiriliih 
Cumin  ir.sion. 

Af.nr  the  wiiol  has  lieen  dyed  and  dried  it  is  prepared  for  eiirdiug  liy  llif  J*ecep- 
III  •>{  oil.  One  r-'i'orl  gives  about  twelve  gidions  of  lard  oil  tor  eaeh  thmisaud 
itinds  of  raw  mati-rial ;  another  about  ten  gallons.  In  English  nialiufaetiiiiea 
int  otie.leuth  pait  by  weight  of  sweet  oil  is  given  for  the  washed  wool,  wbieli  does 
lilt  neern  to  be  far  froja  the  ipmiitity  aliove  given  of  lurd  nil  After  haWiig  bceu 
ijHlu,  the  thread  may  receive  a  small  quantity  of  thin  glue  bef.iro  weaving.  This 
■nd  K'l'e  is  waslied  out  and  renioved  by  liie  aid  of  soda  and  urine  after  weav- 
;  the  washings  o[  course  Undiiig  their  way  into  the  water.  The  remaining 
liiient  is  by  noap  in  fulling  llie  cloth,  each  [itece  reipiinng  fi*oiii  twelve  to 
Iteen  pounds.  This  snaji,  where  I  have  seea  it.  is  of  a  pure  wliite  color,  and  in 
line  of  the  re[iorIs  it  is  jiivt'n  as  "  palm  oil  "  soup, 

Tbe  chief  and  worst.  ]>olliiting  material  in  these  processes  is  llie  iiutnral  giease 
d  allied  matb'i'  wa.shed  ftinn  the  Wool,  and,  next  to  this,  the  lard  oil  and  i)if;anic 
■e-'ilnfr».  The  snaji  i-  mueli  less  ilnpoctant,  and  the  inorganic  chemicals  hiirm- 
■ss.  or  positively  bonejieuil  111  eouiitenictiii^  tbe  nri.-iuiic  nialli^i-  It  is  to  be  linder- 
.00.1.  however,  that  not  idl  the  wi'.illeii  mills  nninutuclure  from  Ibe  mw  maleiial.  nr 
10  It  only  to  n  small  extent. 
There  nr-  scieral  mannfa-tories  eillinv  in  whole  or  iti  |iart.  of  old  wool,  mid  in 
iiich  a  dilTenni  piocess  is  used,  and  one  that  causes  less  jiollulion  -  in  n  HinitMrv 
■n»-i — than  do  the  nmmifaetuie.s  from  (lie  mw  Wool.  The  uitiiei  ial  lii-re  is  of  Iwo 
I..  Ilia"  i;.>iiipo'ed  ivholly  of  wool,  and  tlia'.  the  larger  I'ait,  eolilaiuilis  more  or 
»v  eotton.  In  l!ie  fornier  tlie  p'ocrs"!  is  not  verv  difTerenl  from  that  employed  in 
liniiry  wool,  the  rags  liaviiv^  heeti  Hrs*  rediici-d  lo  nool  liy  e-peeiul  niiu'hines  for 
,e  purpose,     The  washings  and  scominys  of  this  muteiial  remove  (he  grease  and 
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dii-t  of  the  rags,  an  iiniKii'taiit  pollatiog  sabstanoe,  it  ia  trne.  but  unoh  leM 
in  (luiintity  thiin  the  gieusa  from  tlie  unUiral  wtHil,  In  the  htn-er  iiminTtion 
of  la;;:*,  hrjaever,  liie  cotton  umut  be  remuvuil,  ivqiiiriug  vuiy  iliffuiuDt  Ireut- 
nioiit,  auJ  a  ti'eatuent  thut  wiist  hii'gelj-,  if  uot  eutirolv,  OisinfuL-l  thero.  They  nvi- 
treated  with  a  dilute  solntion  of  aiilpiiiinc  add  in  order  to  cnuvert  the  eolloii  film' 
inlo  ceUuloBe,  lut  iu  llie  treatment  ot  old  ruliher  malerial.  T!ie  aeiil  is  di'ied  iii  and 
then  waslied  ont;  the  malarial  is  theii  Jjed  and  manutactiireil  by  tiie  ordiiiiirr 
|>roceH9es.  In  the  sconring  processFs  allialies  and  soajiH  nre  uted,  as  in  ordinary 
won),  but  there  in  proportiiiiiutely  more  of  tile  alkali  and  less  of  both  in  propoi'tion 
to  tUu  aiuouut  of  mw  material  treated. 


OMTON    HANUFArmtK. 

The  cotton  manafnctuivH  on  the  ntreaniH  investigated  are  either  of  ginghams,  or 
iiiixed  wool  and  eottou  goriih>,  and  aiit  not  cxtenmru  as  (^umpared  wiili  tbi<  othei' 
oliuises  of  mannfactnrQH.  Tlie  wastes  are  both  organie  and  mineral,  bnt  chiefly  the 
fonutir.     The  cheiiiicalts  reported  iu  the  maDnfaettu-e  ot  ginglianiN  are  an  follows ; 


Bui ph uric  acid. 

Nitrit'  acid. 

Muriatic  acid. 

Cliloride  of  lime. 

Sal  xiija, 

Htulu  ash. 

Bii;Iironjate  of  jwitasli. 

Alum. 

C'i]>peni«. 

Blue  vitriol. 

Lime. 


Pearl  ash. 

Stannate  of  soda. 

Bi'unii  Htigar  of  lead. 

ludigo. 

Catch. 

BiiRiae. 

LogMood, 

Soap. 

Aniline  colon. 

Oils. 


Of  the  mineral  inattcrFt,  the  most  Important  are  lime,  chloride  of  lime,  and 

biclinmmte  of  putoHii.     Uf  tli<>  organic  dyc-stutTrt,  logwood, 

it  is  very  evideut  thut  nil.  nr  very  nearly  all.  of  tlie  mineral  matters  are  waste ; 
witli  the  exception  of  a  Kinall  jmrt  of  the  mineral  mordaritH,  none  of  Iliem  are  fon- 
liiKLed  ill  the  fliiishi'd  goods,  and  consetjuently  tliev  are  lost  in  the  process  of' 
inimnfiicLui'C.  Tliit<  in  especially  the  ('U-<e  willi  the  lime  and  alkalies,  ihe  latter  of 
U'liicli  nre  ii>eil  in  ^mnll  ipiantilies.  Tlie  acids  are  used  in  bleuHiing  to  cotinleraol 
lliH  erteota  of  the  lime.  The  ^oiip  ih  nn.'d^iiot  to  clean,  but  to  soften  the  yarn  in 
thf  process  u(  dyeing,  nnd  in  Ideacliinji  to  ninilmltiw  the  acitls. 

Bichromate  of  prtluali,  alum,  copt*mH,  blue  vitriol,  slannule  of  soda,  a:id  Ihr 
acetate  of  lead  urn  mordants,  used  to  iinpivi^nute  the  cotti>n.  and  with  which  the 
coloring  matter  unites  to  form  a  chemical  compound  insolnld'-  in  water.  Aft«r  llit- 
dyeing,  the  excess  is  removed  by  wn-shing,  and,  to  render  the  quantity  sbRorlied 
afiiolntely  innolahle,  in  calico  |'i-int  works  it  in  ciislomaiy  to  treat  ihe  goods  to  a  hot 
emnlsion  of  cow'n  dung.  To  what  extent,  if  any.  the  dnnging-pi-ocess  Is  mied  in 
ginRham-dyeinp.  I  do  not  know;  Imt  the  process  can  he  Bnbstitiited  by  other 
pri-Hrewtos  not  involving  thf  iish  of  linng. 

The  waate  of  the  a''tiial  dyit-iluffs  in  cotton- dyeing  i**  large,  owing  to  llie  fact 
that  the  coloring  principle  form%  naually.  only  n  HUrnll  ]>ro]iortion  of  the  cittdfl 
Muffs,  a.-*  nsed.  A  firm,  employing  three  hundred  operatives,  rep'irted  Ihe  coa- 
Bnmplion  of  logwood,  and  the  other  dvestiilTa,  at  over  ten  thousand  jxmnds  per 
nnnnni  :  but  this  amonnt  is  very  small  compared  with  what  ia  actUBlty  nsed  ia 
print  works. 

A  much  amaller  proportion  of  organic  matter  is  removed  from  the  fibre  in  tb6 
treatment  it  is  subjected  to  prior  to  weaving  than  is  the  case  in  woollen  mills.  It  ia 
estimated  that  about  five  per  cent,  in  weight  nf  the  raw  cotton  in  removed  in 
bleaching,  or  in  the  piior  treatment  with  sodu.  This  waato  is  chiefly  color- 
ing matter  and  fatty  acids,  and  is  not  pntrescihle,  or,  i"  so  only  to  u  very 
slight  extent,  dne  to  a  very  ainali  qnautity  of  albuminous  matter.     The  ri-moTed 
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ktt«rwill  not  enuiie  «.  steocli,  it  allowed  lo  remain  iii  a  conci.-iiti'fttpil  form,  eSfioaed 
>  the  ntiDospliei'e.     Kren  tijo   Ini^oF  niilU  ou   the   Hookaiiiim  cannot  contribute 
nnre  tliaii  one  liuniiii^d  imuiiilx  iluilv  of  this  witsiu  to  tlie  atreitm  [jollutioii. 
Of  the  nils  iiseA  in  siiimiin^-.  cliiL-fly  olivy  oil,  ;tt  leiwt  inia  liiilf  i»  "usli.-. 
^^   Here,  na  elHOwlieri',  ilio  aniline  colors,  whfin  used,  give  but  iiomparntively  little 

^^B  To  recapitolate  :  the  acids,  lime  salts,  and  alkaliiiH  are  nvtuallv  wholl;  tui'ned 
^^fcto  llie  slreani :  at  least  one-half  of  tlie  moixlnnts  are  lost,  and  not  fai'  ti'oiu 
^^Bi«  same  pvoiiorcion  nf  the  dye-stufiH  used  in  the  mills  reported ;  all  of  the  soap, 
nnc'balf  of  the  itil,  and  perhaps  one-tenth  of  t)i«<  anilines  ia  ivaated  ;  ani]  five  or  six 
II  par  cent,  of  the  mw  material.  When  dung  is  not  uued,  the  pntrescihie  waste  in 
■Kerj  Bm&ll.     Where  starch  is  used,  practically  none  is  waste, 

H  Tb< 
^Ttoih 


BILK  MAKOFAtTXTREa. 


There  are  but  three  silk  mills  in  the  region  e&auiined,  but  they  are  impoitont, 
Dlh  by  reason  of  their  aize,  and  their  effects  npou  the  streams. 

Ran  silk  is  covered  with  a  so-cnlled  "  gum,"  which  it  is  ijeceasai'j  to  remove  that 
lie  »ilk  niny  not  have  the  elasticity  and  stiffness  (hat  it  otherwise  would.  For  tUe 
pllowiiig  in  relation  to  tliin  "  ailk-giun  "  I  am  indebted  to  Professor  Johnson  : 

"  Hilk  gum  (Heiicine)  has  the  following  compositiou  in  parts  per  hundiedl 


tkrbon  U.32 

HTdrogeo 6.18 

Nitrogen 18.30 

Osygen 31.20 

100.00 


"Its  empirical  formula  is  C..H,.N.Op.     It  is  similar  to  gelatine  in  chentioU 
vumpri-iitioii   and   charactei's.   but   has    G   per  cent,    lens   carbon,   1   per  cent.  lesH 
hydrogen  and  nearly  J  per  cent,  mole  oxygen.     It  its  destitute  of  Buli>hur,  of  which 
geUtioe  contains  O.Stl  per  cent." 
.  "It  yields  1)7  action  of  hot  dilnte  acids  and  oxidizing  agents,  products  sinii- 

■^hr  to,  uud  ill  a  great  part  identical  with,  those  yieldeil  by  gelatiue,  albumen,  etc." 
^H^TIiis  sericine  constitutes  from  Lneiily  to  tnenty-live  per  cent,  of  the  raw  silk, 
I^Tnd  in  chiefly  soluble  in  water.  It  may  be  removed  by  maeeraliun,  which  pi'o- 
dllce»  a  most  intense  and  disagreeable  stelich,  or  it  may,  as  i^  usually  the  case, 
removed  by  scouring  in  a  weak  solution  of  soap.  The  eoaps  used  are  of  the 
tAt  olive'Oil  kind^,  and  a  very  large  quantity  is  required  in  large  mills.  The 
ip  is  dissolved  in  h'>t  water,  and,  if  the  goods  arc  not  intended  to  be  dyed. 
Bilk  is  boiled  in  the  solution  for  an  hour  or  niore  ;  if  the  silk  is  inquired 
liite,  it  is  fli'st  iH'ated  for  several  hours  in  a  warm  solution.  After  scouring, 
silk  is  thoroughly  washed,  and  all  refuse,  both  sconriiigs  and  washings, 
turned  into  the  atroani.  Whetlier  raw  silk  is  treated  as  snch,  or  in  the  co- 
ins before  reeling,  the  pi-oeessBs  so  far  as  refuse  is  conceroed,  can  not  lie 
brv  diffL-rent. 
The  farther  processes  are  those  of  dyeing,   which,  so  far  as  the  stream  is  con- 

Ioemed.  are  wholly  of  second.iry  iiii|>ortiiiice.  But  little  oils  are  used,  and  t!ie  oi'- 
ttiitc  ft'ise  is  almost  wholly  the  cjitraclive  matter  of  various  dyewooils.  Pro|K>r- 
bnafelr  there  is  less  waste  of  dye-siuffs  from  the  silk  mills  than  from  those  of 
bier  kinds  of  fabrics.  Aniline  colors  here  form  a  very  important  part,  and  of 
Bern,  owing  to  their  eipensiveneaa,  there  is  less  waste. 
|ti 
Me 


HAT  UANTIPACTUBX. 


'The  TUBte  produots  in  the  process  of  hat  mnnufncture  from  fur  are  consider- 
We  in  quantity,  and  of  a  kind  that  discolor  very  much  the  waters  of  streamB 
ilmt  i-eceivelhem.     The  character  of  these  wastes,  however,  ia  of  a  kind  that  ac- 
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tnaJI;   pollnte  the  Btreams  tuuizli  less  t.liau  would  be  supposed    d'oni    llie  vi»)hl» 

pffeclH  iiioduped,  and  tui'  less  tliuii  is  cuuned  by  tlie  Wftstea  frmn  wooleo  milla,  t-ou- 
tiisiiii^  us  it  does  in  Coniioftieiit,  cliictlv  of  dj-e-stuffs.  Almost  lite  whoU'  of  tlie 
linttiii^'  inditiiM'v  in  tliis  Slutf,  iis  i^  nell  knouii,  is  contiiied  to  Nurwnik,  lietbel. 
mid  Diii'.ljHL'v,  wliioli  sujijilv  u  luryH  part  of  tlm  liiils  novii  in  tlie  Uniti-d  Slalos,  liip 
only  (illmr  mHUufiii'loiies  (if  itii|Mjrl«m'f  lieiirg  tliiiaeof  New  Jursey.  In  Uunl-uij and 
Belliel,  Ibo  two  j>lur;t's  iindoi'  L-uiisidfrulion  iu  tbis  rop<iii,  tlie  Tuih  nre,  niosttj, 
jiUivliiL.ieil  I'l'ody  ]>ri3|)ai'i.'d,  and  llit>  must  of  tbe  moNi  delelL-riou4  inuccsa,  hu  fai'  us 
till-  stiinni  is  (loiicerueii,  tbns  avoided.  Tliei'e  nJe,  Iniwever,  two  fui-ciittiug  iniUs 
in  Uanlxii^,  wbirb  turnisb  a  largH  |Miitioii  <if  the  t^arieted  fur  for  Ibiil  city. 

Wlien  the  fur  is  i;ut,  the  first  pfijcewi  llmt  tlie  akiiis  nndergo  is  tiuit  of  wnaliiug. 
'Die  skiiiK,  I'liii'fly  tboso  of  tins  coney,  ami  nntna,  are  iiiiportpd  in  bules  from  Aus- 
tralia, Sol. ill  Amot'ii^iL,  and  elnenliere,  and  coulain  a  t'ouNidenibleqiiantily  of  forcjftn 
matter,  in  tin-  nhape  of  sand,  dirt,  eti;.  'i'bese  skius  aro  first  jilnced  in  lar(;e  tobs 
vt  bot  wati-r  and  nllowed  to  souk,  after  wbieh  tboy  aro  washed,  rubbed,  and  rinsed, 
about  tweiily-'ivc  jKiiinds  of  wliale-oil  a<iHp  being  used  In  each  thousand  pounds  of 
skins.  The  water  thus  used  ia  run  into  the  Blream,  and  must  I'onlain  n  consider- 
able quantity  of  offensive  organic  matter,  the  was;tc  liuring  a  vety  wbilish  color. 
The  actual  ipianlity  of  polluting  niateiial  cannot,  however,  be  ven*  gii'iit  in  Dan- 
biiry,  (or  aJtogethei'  only  about  three  thou^and  jiouiicIk  arc  washed  daily,  and  with 
spventy-livo  j-ounds  of  Boap,  not  a  very  large  amount  of  greasy  mnlleis  (-an  be 
washed  out.  1  can  give  uo  estimate  of  wliat  this  quantity  is,  for  such  could  only 
be  olitiiiiiod  by  carefully  weighing  Ihe  >.kins  before  ai:d  after  wii.=hiiig,  and  iben, 
too.  iIk'  iiioi'gauic  matter  I'emoved  eouhl  bui'JIy  be  deteiitiined  without  s]<ecial  ei- 
ttminationn  tlieiefui'.  In  the  treatment  of  raw  wool,  a  fourth  to  a  third  of  tbe 
actual  wel^lit  is  washed  away  by  Ihe  alkalies,  but,  in  the  fui'8,  there  can  be  btit 
little  (atty  matter  removed  I'i'oin  the  hair  it^el(. 

The  other  processes  of  shearing  and  carreliiig  do  not  requii'e  the  waste  of  water,  I 
was  told,  (-'arreting  is  that  process  which  gives  the  shriiiking  or  felling  propeiiy 
to  the  fur  required  to  bring  it  into  the  desired  conipact  pliiipe,  anil  consists  of  a  treat- 
ment  with  the  nitrate  of  mercury.  The  piocess  has  long  been  known  to  have  a  vf\y 
injurious  re.snlt  upon  the  health  of  the  workmen  engaged  in  the  vn)i<iliH  liatting 
proces.ses ;  not  so  great,  perhaps,  in  the  nclnal  caiieliiig  as  in  Ihe  foiniing  and  joe^s- 
iiig  of  the  hats.  Siiiee  the  geneml  use  of  stiff  buls  hiis  come  ijit"  voRne.  there  lias 
Iieen  a  decrease  in  Ibo  extent  of  niercunal  J'oisoiiiiig,  especially  in  Coniiecticnl, 
where  comparatively  few  soft  hats  aie  innde  The  mnuiifacture of  suft  hats  reijniivs 
iu  linjsliing  a  lunch  gi^eater  use  iif  llie  juesKing  iron  on  the  daui|>  fell,  and  u  corre- 
fipondiug  grealer  inhalation  of  the  merounali/.ed  vajior.  Peilia|is,  iilso.  the  shellac 
now  used  prevents  Ihe  vaporization  o[  the  mercury.  Still,  there  is  not  a  little  mer- 
cnrial  poisoning  among  the  openitiveH,  c-iiecially  in  the  iial-foiniing  t-hops. 

The  dyers'  waste  liquors  are  constantly  escaping  from  the  tacloiies,  parlly  as  rins- 
ings from  IbeiiBls,  bin  chiefly  flora  Ihe  dye-tnbs  tlie»iRi'lv<>s  after  they  are  uo  longer 
of  suflleieiit  slreiigth  to  seiTe  their  purpose.  There  is  a  difference  among  the  differ- 
fnt  maniifai'lnrers  as  to  the  frequency  with  which  the  dye-tubs  are  euijitied,  but 
there  seems  I  o  be  little  diffei-enee  iu  the  amount  of  dye-stuffs  used  (or  a  given  &uni- 
ber  of  hats. 

Lotrwooil  foriii'.i  by  far  the  chief  nmlerinl  nned,  inii«mHch  lis  black  hots  arc  those 
chiefly  worn  ;  the  olher  dye-stuffs  are  used  in  the  producliou  of  dill'crent  effeots,  or 
the  ligliter  colors,  but  lUcjr  eflcct  on  the  stream  is  essentially  the  same.  The  fol- 
io ivinii  is  a  recipe  given  me  by  one  of  I  lie  nianufaotni'ei's,  and  diffei-souly  in  unesnen- 
tial  details  rrom  Ihose  used  by  Ihe  liutturs  iu  general : 

Bichi'onmte  potash Ijlb. 

Argols li  lb. 

Madder ,, ...  "Jibs, 

Ciidliear  i  lb. 

,   Bine  vitriol  , >.... *  "K- 

L-igwood  (chip«) -  li**  Iba. 

Fu'iic  , ,.  , ..  ;llbii. 

M;.ddel    ,  I  lb. 


Tlie  above  is  the  qnantily  required  for  tile  dyeing  of  twf  Ive  ilozeii  Btiff  hats,  Soft 
bats  require  ta'her  a  larger  qiiimtitj,  ami  the  exti'aot  of  logwood  is  nsed  in  (ilace  of 
the  cbips,  about  ten  jioundH  lieiug  reiniired  for  each  gross  of  bats.  The  logwood 
chijM,  aftor  the  coloring  matter  is  e\lraeted,  ale  either  biuul  or  thrown  iiiio]]  thu 
grnniid.  As  ttii  jiouihIh  oflhe  exlmcl  tiikes  'lii:  [iluec  of  thu  cliiiin  iu  dveiiig  the  soft 
huts,  it  is  t'videiil  (hut  live-sjiths  of  tiie  lejgwood  ehi|is  is  iion-coloriNg  multer. 
Alum,  ill  tbt?  |jro[jortio[i  of  tluee  oiiuoea  to  ihe  dozeii  hat;^,  i^  used  bj  eouie  hat- 
iiiiiki-i-. 

Tht!  mumifactnre  of  wool  liais,  which  is  carried  on  ouly  toa  small  i-»xtenl,  produces 
[)i'o|>orl  ion  ally  a  miieh  grenter  degiee  of  (^outnmiuatioii.  Thy  Iroatmi-iit  of  th<^  ma- 
tHiiiil  i*  lii'i*  not  much  diffinvnt  £r<nn  that  in  ivooleii  mills,  extvpt  in  the  nse  of  oils. 
T]u>  imv  wool  is  si-onred  with  alkalies  lo  r<;move  Ihe  LUtiiriil  greasy  malters,  andafler- 
waul  treated  much  like  llio  ordinary  far,  the  c:bieC  refuse  being  thehigwood  and  simi- 
lar dye-st  lift's. 

Till-  hut-foriuiug  shops,  of  which  there  are  two  or  three  iu  Waterbury  and  Bethel, 
itfvivu  the  carreled  fiir  from  the  dilfiirent  maniifftctiu*ers  and  beat  it  looKely  into 
conical  bags  hy  ninfhinery.  The  tnr  is  lii-st  jilaeod  in  a  blowing  oi'  separating  ma- 
cliiue.  where  it  is  tini'lynnd  evi'nly  mixed.  It  is  then  removed,  weighed  out  into 
proper  ainounU,  mid  rnn  through  a  maehine  llial  beats  it  loosely  into  largo  conical 
bag-i.  Next,  the  bags  are  dijijied  in  water  and  rolled  several  together  in  n  cloth  lo 
give  snilicient  consistency  to  Imiidle.  and  are  then  sent  to  the  hat-Mho|>s.  Tlie  only 
refuse,  in  forming,  it  is  thus  seen,  ia  that  eairiod  off  in  the  water  iu  which  the  bags 
arc  dipped,  and  must  be  small  in  quantity. 

The  next  pioi-ess  these  conical  bags  undergo  is  tlmt  called  sizing,  and  consists  of 
repi-nterl  dippings  in  hot  water  utid  rolling  with  tlie  liauris.  uliich  produces  the 
shiiukuge  or  teliiiig  of  tin-  material  necessary  to  bring  them  to  (lie  reiiuiii.-d  size, 
Tliu  WBter  in  whieh  tliey  are  dlpjiuil,  earrying  with  it  a  small  amoimt  of  refuse,  is 
tui'iii^d  into  the  stream.  After  drying  and  shaving  to  remove  tiie  projecting  fur 
tlioy  go  into  the  dyer's  liands,  where  tliey  are  subjected  to  the  ordinary  vegetable 
dyes,  -(iich  as  logwood,  ciimwood,  madder,  fustic,  hypernick,  etc.,  the  refuse  o( 
whii'li,  chiefly  logwood,  forin^i  almost  the  whole  of  Ihe  contaminating  waste,  the 
Ireatineut  with  shellac,  rirying.  }iresRin[!,  and  curling  producing  little  or  none.  The 
short  parlicleH  of  fur  shorn  fmni  the  liats,  with  other  dry  wft.ste,  is  nsed  wherever 
practiciil'le,  or  when  not,  is  usually  destroyed,  used  for  tertiliziiig  matoiial,  or 
otherwise  disposed  of.     At  the  most,  but  little  of  it  gets  into  the  streama. 


KUniiBR   MANTPACTURB. 

In  the  ordinary  manufacture  of  rubber  there  can  be  but  little  waste  of  a  delete- 
rious nulure.  The  only  use  of  water  is  in  the  washing  of  the  raw  gum,  to  remove  the 
•dlifcing  dii't :  and  to  i^ool  the  rolls  wlieu  they  get  too  hot.  The  bisnlphide  of  car- 
bou  ih  aimiit  tlie  only  cheiuieal  used,  and  this  for  a  solvent  to  cement  the  ditferent 
jiiwcs  of  rubber;  there  can  but  little  of  it  get  into  the  stream. 

In  the  manufneturB  of  ivcluinied  rubber  goods,  there  is  a  source  of  eon.siderable 
r*fuHi'  in  liie  treatment  llie  material  undergoes  in  the  i-emovai  of  the  vegetable 
lilwin  I'oiitaini'd  in  it.  As  in  the  tieaLment  of  cotton  and  wool  shoddy  material.  Ihe 
oM  r'ibber  is  snalii'd  in  a  dilute  sidulion  (K!"'  Beannicl  of  MiljihuriG  acid  ;  tliia 
iv'taclt"  ill.'  vegelabli'  Hlier,  coni'erting  in  into  the  snliiliie  cellniose,  which,  with  the 
•iMiiit  ..ilution  is  ivii--li.'d  out  and  tni'iie.1  into  Ihe  stream  together  with  a  quaatitr  of 
Blbnli  (about  ten  per  cent,  of  the  acid),  used  iu  ncutnUiziug  the  acid. 


Till'  l.mltincf!  n(  tins  Report  is  dtipfly  ot'cnpifd  with  detailed  state- 
muntH  uf  the  «|tei^ifio  snnreeti  of  polhitioii  in  tLe  state,  the  amoiiuts  uf 
the  various  polhitiug-  nmtiTials  and  chemical  and  bacteriological  aual- 
yse.-i  of  the  waters  of  Mciv.'ral  of  the  streams  beiiig  given. 

In  the  EleveDth  Aiiuual  B<-port  of  the  C'ouuecticut  Htate  Board  the 
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Rivers  Pollution  Report  is  continaed  by  Professor  WiUiaton  with 
farther  detailed  statements  of  sources  of  pollutiou  and  i:Leniical  and 
bacteriolog-ital  analyses  of  a  number  of  water  suppliet*  of  the  State, 
Reports  of  jirug-re.ss  luv  given  in  the  Twelfth  and  Thirteenth  Annual 
Reportpi,  ami  the  complete  results  appear  in  the  Fourteenth  Anuuiil 
Boport,  covering- the  jeiir  from  December  1, 1890,  to  November  30,  USUI 

Of  the  rersnlts  in  the  l-'ourt tenth  Annual  Hepoit  brief  referenee  will 
be  made  to  the  aunlyweK  of  the  t'onnet-tieut  liviT  water, samples  of  which 
were  analyzeil  from  three  points,  namely.  Warehouse  Point,  Rocky 
Hill,  and  Ooodspeed's. 

Warehouse  Point  is  aliout  13  or  14  miles  below  Springfield,  and  not 
far  from  the  north  line  of  the  State.  The  samples  taken  here  show  the 
(M>iapositiou  of  the  water  as  it  entera  the  State  and  after  pollution  by 
the  sewage  of  Northampton,  Holyoke,  Chicopee,  and  Springfield  in 
Massach  usotts. 

Rocky  Hill,  the  second  point  from  which  samples  were  esawiued, 
is  about  20  miles  below  Warehouse  Point,  and  9  miles  below  Hartford, 
Between  this  place  and  Warehouse  Point  the  river  receives  its  chief 
tributaries  in  Counecticut,  which  aie  the  Farmiugtou,  but  slightly 
polluted;  the  Park  river,  which  is  grossly  polluted  by  the  sewage  of 
New  Britain  and  Hartford:  and  the  Hockauum,  into  which  is  dis- 
charged the  sewage  of  Roekville  and  Manchester. 

Goodspeed's  is  about  22  miles  below  Rocky  Hill.  The  chief  pollu- 
tiou betweeu  this  station  and  Rocky  Hill  is  at  Middletown,  about  1& 
miles  above  Goodspeed's. 

The  samples  were  all  taken  on  the  same  day  at  each  station  and 
always  from  the  same  point,  well  out  in  the  eurrebt  and  one  foot  below 
the  surface. 

The  series  extend  from  August,  1890,  to  June,  1891,  the  samples  lor 
analysis  beiug  taken  about  the  25th  of  each  month.  The  following 
tjtble  shows  the  average  discharge  of  the  river  at  Hartford  for  the  ten 
days  preceding  the  dates  on  which  the  samples  were  taken. 


Id  CD.  n.  per  ivQ- 

June,  1890 10,320 

July  ■'  7,740 

Aug.  '■  S-310 

Sept.  "  *1,280 

Oct.  "  4l.«20 

Nov.  ■'  20.930 

Dea  "  le.MO 


In  mi.  ft,  1*7  wet 

Jan..  1891 64.370 

Feb.       ■'     39,120 

March  "     S4.200 


April 

May 

Juno 

July 

Aug. 

Sept. 

Oct. 


89.530 
2G.4(;o 
9.800 
8,025 
7,550 
7.550 
7,360 


The  means  of  the  monthly  analyses  are  given  in  the  Table  No.  4  a 


Tablk  Ho,  4  c— Mean  Rksults  ok  ANAi.Ysee  of  Consbcticdt   River  Watbk, 

MADE    IN    1S90   AND    1891. 


(Puta  pa-  ICU.mm.    Witrr  niMnul  IlirniiRli  lAiwr.) 


NltlOKSB. 


Wmllnuic  PnlDt II 

RcHkr  mil II 

QticaUlirBl'ii 11 


H.H       .Bin 
HIV       .41« 


tTlie  Connecticut  river  i.s  not  uaed  as  the  source  of  a  public  water 
supply  at  any  point  in  the  State  except  at  Hartford,  where  it  is  in- 
ti'mleil  to  be  used  iw  iiii  Gianvgency  supply  oulv.  The  t'oriclusiou  i>f 
the  report  is  that  while  the  analyses  show  that  the  sewage  eiitui'iug 
the  striitim  has  scarcely  a  perceptible  effect  on  the  chemical  composi- 
tion of  the  water,  nevertheless  it  is  unsafe  for  driukiug  at  any  point  in 
Connecticut. 


New  Jeksey. 


I  In  New  Jersey  the  question  of  rivers  pollution  is  in  an  exceediugly 
unsatisfactory  stiite.  A  high  couit  of  the  Stute  has  receutly  indorsed 
the  opinion  that  the  sowiigo  from  15,000  people  can  tuter  ii  stroaiu 
havinfj  a  minimum-daily  flow  of  125,000.000  f^allous,  ahvady  largely 
polluted,  and  flow  only  four  miles  on  it  level  reach  before  entering  the 

*  public  water  supply  of  400,000  people  without  demonstruted  diinger,* 
Xhe  only  law  in  this  State  dealing  with  the  pollution  of  streams  is 
one  passed  in  1876,t  which  is  stated  as  entirely  inadequate  to  deal 
effectively  with  the  evils  of  stream  pollution.  Its  text  is  open  to 
Tarious  constructions  and  its  letter  and  spirit  are  constantly  violated.I 
In  a  report  preirented  to  the  New  Jei-sey  Simitary  Association  in  1890 

•BMWtt.  InUnd  Sewsge  Diipo«1,  Tran..  Am.  Sou.  C.  E.,  yoI.  sit,  p.  139. 

^Art  Act  li.  Prrvenl  the  Willful  Poltnlionof  Water  of  ohj/ of  tlit  Creela.  I'Ottdi.  or  Broulunf 
Vir  Stale. 

That  if  iny  person  or  perionB  shall  tliroiv,  rniium  or  pBrmit  tn  he  thrown  into  the  watom  of  any 
«rv«k,  pond,  or  broukii  of  this  i4tat«  thti  watertt  of  which  are  utvtl  lo  Mupply  any  aqiae<luL-t  or  FMer- 
Tnir  for  duitril)Utic>D  or  public  nrr  any  oarcua  uf  aay  ilead  animal  or  any  afTnl  or  olTeiiBive  matter 
WhataocTCT.  cali^ulated  to  reniler  inch  watorA  im|iur«  or  to  oroat«  aoiioiia  of  offensive  amelln,  or 
aliall  connect  any  water  doBct  with  any  never  or  oth^r  means  whereby  the  oontcnts  thereof  may 
!«  ooDveveil  t4>  and  into  any  snch  crvek.  pond,  or  hrook,  such  peraou  or  persons  shall  lip  deetncd 
grUlty  of  a  miidemeanor  and  on  conviction  thereof  shall  be  punished  liyafinenot  elceedin^  11,000, 
Or  by  imiirimminent  not  eiueeiiing  two  ypora.  or  both.     (Approved,  Apri!  31,  18T6.) 

[Report  of  Commit tenj  of  Hi-vf  Jersey  Sanitary  AasoeiatLon,  presented  Deo.  13,  1SS9.  In  Eu^ 
Mews,  tol.  iiv,.  p.  Ill  (Jon.  31,  ISI'l). 
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tbe  state  of  tlie  questiuD  iii  New  Jersey  in  fully  iliscniitietl,  and  the 
reoonitueudatiou  luude  tiiat  au  act  be  passed  eiupoweriDg  the  State 
Board  of  Health  to  ai-t  as  arbitrator  in  a.\l  matters  affectiug  the  pol- 
lution of  fitreaius.  water  courses,  »ud  lakes. 

lu  this  Stjit*r  studies  of  stream  pollutiou  thus  far  have  l>een  cliiefly 
by  the  eliemieal  methods  aiid  in  reference  to  the  pollutiou  of  the  Passaiu 
river,  which  uutil  18112  was  tbe  source  of  tbe  water  supply  of  the  large 
cities  of  Newark  ;iud  Jt-rsey  City,  and  frum  which  streimi  the  water 
supply  of  -Jerse}'  L'ity  is  still  drawu,  although  efforts  are  being  made 
til  seoure  a  new  supply.  8ome  of  them  are  published  la  the  e.arlier 
re|iorts  of  the  New  Jersey  State  Board  of  Health.  Sources  of  pollution 
from  m anil faetii ring  wastes  are  also  diseiissed  in  the  Report  of  the 
Newark  Aqneiluet  13oan)  on  Additional  Water  Supply,  published  m 
1870. 

The  PoLLmos  of  tse  Passaic  Riteb. 


Au  exteudotl  discussion  of  the  pollution  of  the  Passaic  from  the 
chemical  pniut  of  view  i.s  published  by  Henry  Wurtz,  Ph.  D.,  fonm-rly 
St;Lte  tTiemist  of  New  Jersey,  iu  The  Engineerinjr  and  Mining  Journal 
for  Marrh  2-i,  and  April  12, 19,  and  26, 1890.  The  uiatter  there  given  is 
tht-  substiince  of  a  report  on  the  waters  of  the  Passaic  river  and  its 
tributaries,  pres*'iitf(l  ti>  the  Boanl  of  .\hlerm*'ii  of  Patei-sou  in  1882, 
ami  covers  the  examination  of  a  series  of  samples  collected  between 
September  7.  1881.  and  January  7,  1882.  Previously  Mr.  Wurlz  had 
made  two  reports  iu  reference  to  the  Passaic  waters,  namely,  in  March 
and  Octolier,  1873;  the  6rst.  referring  to  the  condition  of  the  water 
dnrin?  the  fall  and  winter  1872-7.^:  the  second,  to  the  summer  of  1873. 
Botli  of  these  reports  appear  in  Vol,  T\.  of  the  American  Chemist,  but 
the  present  report  is  of  eroater  interest  by  reasou  of  giving  Mr 
Wurtz'it  rF-(-eut  views  on  the  pcdlutiou  and  self-purification  of  this 
atnain,  which  serves  as  the  present  aonrce  of  water  snpply  for  Jer- 
wy  City. 

The  re^Kirt  u(  1882  covers  a  series  of  chemical  analyses  nf  the  water 
of  the  Pae»uc  river  and  its  tributaries,  iucluding  also  a  few  compara- 
tive ftmilyse«  of  the  water  of  the  Cmton  river.  Its  chief  object  is  ap- 
psrenllv  to  sulistantiaip  the  Wew  ad\-anced  in  the  report  of  1872  that 
"  the  oxidizing  |K>wer  of  this  alkaline  river  water  is  so  great  that  but 
slight  tnu'es  of  the  sewer  matter  can  U*  detectetl  after  flowing  but  four 
miles  thn>ngh  thi^  (^bauueL"  On  this  point  Mr.  Wortx  cousideni  the 
showing  si»eci»Ily  striing  by  reason  <'f  the  prerideiu-e  of  ii  severe 
druoth  not  ouly  previous  to  the  beginning  but  during  nearly  the 
whole  time  covered  by  the  investigation,  thert>  lielng  no  rainfall  which 
eontribated  anything  appreciable  to  the  flow  of  the  fiver  or  its  tribo- 
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les  from  early  in  July.  18H1,  to  Dect*niliir  'ill.  llureover  uo  ice 
formod  ou  the  PjifiHiiic  until  iilxjut  Jaunary  3,  1HS"2 ;  nml  Mr.  Wurtz 
deems  it  [irobablp  that  utiver  before  was  sufh  au  upportuuity  oflereil, 
"  to  examine  a  (piPrttion  of  river  pollutinu.  iliiring'  so  hm^  a  time,  with- 
out diHtiirliance  of  the  iniiformity  and  normality  of  the  composition  of 
the  stream  throuffb  natural  agencies."  This  fact  confers  upon  this 
work  a  value  and  importance  in  some  respects  wholly  imiqiie.  As 
illustrative  of  this  proposition  a  series  of  analyses  of  samples  from 
difi'erent  parts  of  the  river  are  given.  The  tirtit  of  these,  followintr  the 
general  tal>le  of  all  the  analyses  made,  is  of  water  from  above  the  high 
falls  in  the  city  of  Paterson. 

The  next  tabulation  covers  samples  taken  between  the  outlets  of 
several  of  the  Patei-son  sewers  at  the  Straight  street  bridge,  aud  the 
Broadway  bridge  below,  a  distance  of  some  41  miles  along  the  stream. 
For  the  first  two  miles  the  flow  is  slug'fish  and  according  to  Mr.  Wurtz 
*'  u  narrow  sewage  laden  strip  of  the  current  closely  hugs  the  right  hand 
bank  in  a  very  curious  way."  At  the  other  side  of  the  river  the  bottom  is 
densely  overgrown  with  water  weeds.  A  How  of  this  character  for  two 
miles  brings  us  tn  the  Race  track  bridge,  below  which  the  ciirrent  is 
rapid  and  usually  rippling,  diffusing  the  sewage  all  across  the  bottom. 
lu  this  portion  of  the  channel  the  weed  bed  extends  the  whole  width 
of  the  channel  and  the  following  extract  from  the  report  will  indi- 
cate the  chief  reason  for  most  of  the  changes  which  take  place,  to- 
gether with  Mr.  Wurtz's  views  of  the  suiKciency  of  the  purification 
attained : 


The  wePtl'bed  also  Lei's  sprcnils  all  Bcroas,  and  the  water  in  llins  filfered  tlji'nngh 
iliia  half-milp  of  dense  and  matted  vpfietiition,  feeding  iKitli  tlie  woeils  and  tokI 
oolouii-H  of  nmntrtcoann  and  iimllusks  wliicli  swuitn  tlii'onglioui  iliem.  Mut'li  liclnw 
tliL'se  ifLpids,  and  '>veii  all  ai'i>anrl  tUu  Dundee  lake  beloM*.  simllmv  nmrgins  still 
uliiiw  the  weeds  undi»i-  water.  Coiiimns  13  and  14  of  Table  IV. •  liriiis  out  ijnite  sat- 
Ufin'torilv  the  [iiirityinK  iwtion  liere  of  aOi-ation  in  tliii  alkaline  livor  wat^r,  to- 
(('■iher  with  that  of  the  plant  and  animal  lifo.  Thns,  Cdmiiure  the  total  N  in  the 
tliipe  lewase-stii'am  sam|deH,  2,  34.  and  2(1  =  .0579  in  tlm  mean  ;  with  the  three 
fn>ni  llie  Bioadwar  liridpe,  3,  4.^,  and  47^.0/tfH)  in  the  mean,  KhovrinR  a  liirRe  loss 
uf  putiewible  nilrouenous  nintters.  This  diniinnlion  is  not  due  tn  nii"v  dilation 
iif  lb"  sewage-Htieam  thruntrliTHit  tlic  wliiile  rivnr,  aa  ia  shown  by  coiu]iniiRon  with 
T«blt>  III.  There,  three  N  fi^nres  above  thp  falls,  before  reeeiviiiK  the  HPWaij'C, 
Rive  a  mean  of  .0;t22,  even  a  little  more  than  at  the  Bntadwiiy  brid);e.  We  ai-e 
fotci'd  to  admit,  thi'refore,  thiit  this  How  of  ii  lailcH  from  the  niontliH  oC  the  kpw- 
.  has  ai'tnallv  desiroyed  the  total  animal  and  aiiimallzed  matter  inttodaced  ^•y  the 

ainuKe  of  the  5lt.000  inliabitants  of  Paterson.     Moreover,  the  greater  jiart  of  this 

'  ot  !i(ii».iarH  due  to  the  last  21  miles  of  suoli  current. 

n  l.lier.  the  ^ame  aiu'|>risini^  jdieDomenon  it  shown  under  trinter  conditions  of 
ittrenm  ;  as  seen  by  eom|iarison  of  No.  40,  Table  IIT.,  and  No.  47.  both  of 
January  Tib,  1882,  with  the  stream  frozen  and  "oiuewhat  awollen— No.  4fl,  above 
tlio  falls,  yielding  .0388  of  total  N  and  47,  at  Broadway  bridge  .0303  ;  a  [iL-opor- 
tionftle  I'edai'lioii  even  t»fee  iis  large  as  before. 

I  nunipriila  ilmignati'  nrigiiial  tabla  niimbtrn.  ■«  eiven  iti  the  iMf  hi-nili-ip  In  parentheKw, 
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Table  No.  5  (Tablb  HI.  hf  Mr.  Wi  iitz's  RF.roiiT),  — Aralvbf.s  of  Watkb  of  thk 
Passaic  River  above  the  Grkat  Falls  at  I'atbrso.n. 
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Table  No.  6  (Taiilk  IV.  or  Mci.  Wrui'z's  Repout).— Analyses  oi'  Water  op  thk 
PA88AI0  BiVEB  BETWBB.N  THE  GREAT  Falls  and  Dundee  Lakic. 
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The  report  farther  {.■ouaiilers  the  effijct  of  the  Dundee  lake  in  assist- 
ing the  process  of  self  jinriticiition :  for  this  purpose  exitminfitiuns  were 
made  at  different  tiinii-s  of  the  water  of  its  ontlet.  the  Dundee  canal, 
with  the  expe<;tation  of  ^uiikintr  tlierL'by  information  relative  to  tbe 
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average  coiiipositiuii  hptter  tlinn  by  Mtinlias  of  samples  tsikeu  fruiii  the 
lake  itself.  Tliis  ciinul  is  iu  fflect  u  mill  mce  ivbuiit  Ij  milns  iu  txteut, 
leading  from  tlie  lake  to  the  mills  at  Pusaaic  city,  and  discharging 
into  the  tidal  stream  below.  The  results  are  iuulmled  in  Table  No,  7 
folloiviiig,  where  Mr.  Wuitz  bus  phvced  them  in  comparison  with  the 
means  of  the  analysos  of  samples  taken  from  points  above  as  exhibited 
in  Tables  No.  5  and  0. 


T*.ul,B  No.  7  (Taiii,k  V.  "V  Ml!,  WTniTz'a  Hei-okt).  —  Asai.ybbs  of  Watbr  of  tug 

DCNUEB   CWAl.   AT   ASn   KEAI!    TIIK    CITV   OF   PABaAIC. 
((Inlnipn-U.  a.«ii)lun.) 
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•  R"itnr^tnn  theM>  mean  Djrirch,  one  point  ii«aIii  ni|rl4naL1an.  Ah  RTACi^I.  tba  Hood  •■inpio  41  wii«  lurhLiI 
*hpn  ftnHly«"0.  ■il'l  thp  t.Jt-it  vnlEil  4n.l  0iiin1ia<(Llb]B  niattar  wurn  bi}Eh  Ihirrcron  ovcrMLIinHTrd.  In  Ihfl  rnriiiiH  of 
aulnjiin-  I  nniE  5.  tberufore.  the  fljiirD«Hj(  41  lirtvv  tn-^ii  neKl'vt<xl.  Not  -^  wit  ft  thn  n«h.  howp-wer  {ii»lnrnn  fl). 
KiTB  two  mt'Aii  jVji^t-r.?*  hJ*v'i'  Ix-^ii  cirnpiltiid,  tho  flr-t  wlt>k,  nnit  tha  «.s;nPiit  vrlthnnr,  Ni>.  41.  Tl  wirl  be  oli.*"rvett 
i  thi.  m'.iin  n(  Uie  •fr^li^r^  nbu^t  ihe  TrilN  d'KM  nut  Enclnilfl  n  l1o.<i  Hanipl'..  thiA  hnvlnif  bi^'P  .Inly  ciIIiviTi-.1.  bnL 
,  a  «ik-l  h.-t  In  Irtn-it  lS'i>  Tiibl<-  L,  So,  41)  It  WFt-i  tuillt-rl  \tf'nf^i.  triercfrjir,  ti.  i^jPTiiile  Ih'-  tliriir<'  .'.'IJ^. 
avril  InE  Ibi.  tniiru.-kh4*  nf  riuiiiriL  mtitrpr  frrn  thF  fulln  b)  the  lnli''.niith'L  fvoiTi  ttm  m-conil  ntpun  H-Wf ,  wllh. 
I  thv  n-Vhl  WJLt'-r-  TFlPi  llifure  .^ITt,  howevDT,  tliD  Encnviuv  ot  npncrAl  matur  In  [he  lake,  iIimh  IncludD  the  floucl 
viAUr,  «■  It  Li  ihfl  difff-reniM  betwteu  tvu  ini^aiiA.  bi'Ch  oonUnning  Hood-wMvt  Ugarvn, 

The  biiliince  of  the  report  is  occupied  with  a  discnssiou  of  {lithe 
pollution  of  the  tidewiiy  portiog  of  the  Passaic  river  below  tJie  city  of 
Passaic  by  the  sewage  of  Newark;  and  (2)  with  a  brief  discussion  of 
the  quality  of  the  water  of  the  Morris  cansil  as  representing  the  piire 
water  of  the  upper  tributaries  of  the  Passaic.  The  tables  illustrating 
these  points,  while  interesting,  are  less  valuable  than  those  included 
in  the  foregoing,  so  far  aa  indicatiug  the  poasible  extent  of  the  self- 
puritication  of  a  running   stream.     The  fiual  tabulation  giving  the 
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cbeiuical  chimtfea  in  tlie  water  of  the  Passaic  river  at  nix  stageB  of  i| 
How  may  be  iiieluded  as  purtiueiit  to  the  preaeat  di^cusniuii. 

Taih.b   Nci.  8   (Tablk   XIII.    <.iv    Jlii.  Wuhtx'h  RKroiiT).— Simwiso  tiik   CiikmK'J 
l^uAKoes  IN  TIIK  Watmi  of  tub  Passaic  Rivbu  at  Six  Stares  of  rre  Fi.ow. 
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The  coneluaious  are  utated  in  the  foUnwing  lang-uage : 

A  Retienil  review  slion-a  tliiit  we  )iave  obtained  quile  coniplete  ami  satiafnplnr^ 
ilftta  lepiriiing  tliP  cliernicul  ciimpnaition  of  llm  Pasfiaic  at  ai\  imixirtant  singes  of 
its  tlow,  Juriiip  tlie  four  mimtlis  of  IA!|)loniber  to  December.  int'In^iTe,  1881.  fli 
Ihe  i;oiii-3e  of  this  report  thero  hnre  boeo  plflNCQteii.  moreover,  lalifiml  unil  t'oii' 
aisteiit  tbc'Vios  tit  the  can.ses  of  the  j)rincii)al  ohanf;t>a  of  com^iofiitioii  tbroiigliout 
tlieiiR  fill  !!ta^HS.     lu  Table  XIII.  thev  aro  {ni^Heiited  ii>  snccoHsion. 

PirsI  Slii/e. — ^This  is  roijreseiif.ml  l>v  the  Monia  canal,  chiefly  and  directly  fed 
(roiu  the  Hii^hlaiul  hillJilieams  of  your  Slalp,  iiuexcelleil  in  jiiii'ily.  Lake  Hojiftt. 
conpr.  the  Summit  cnnul  reaervoir.  it  should,  liowfver.  be  renin.rk<*ii,  does  not  nalii- 
mlly  belou|{  Ka  the  Pilsbhic  walerslied,  but  lo  t!iut  of  the  Dt-hiware  ;  its  IribiiUiies, 
uevettheless.  interlock  with  those  of  Ihe  Pas»<aie,  and  rise  is  Ihe  tiaiue  cryntalii 
rocks. 

Second SltiQu. — Beprenented  by  the  riwr  jnat  above  thfi  Passaic  (alls,     The  ioc; 
loenta  sliowji  hen*  of  dissolved  mal.tei's  above   those  in  Ihe  canal  cannot  bo  attrib- 
uted ill  any  ini|>ortaiit  iiicaaiire  to  eva]>oi'ation,  whieli  1aliC)i|ilBee  (loni  both  chaDiiels, 
The  siilt  is  Ibe  same  111  both,  Ihe  *uli'liatcB  considembly  Inruei-  in  the  river.  l)ie  tot 
orffaiiic  matter  but  liUle  hirsriT,  whih-  Ihe  allinminiiids  are  doubled,  ami   Ihe  to; 
iiitiiiK'*!!  more  than  donble<l  in  the  rtVL-r.     ThiH  |a.st  increase,  wilb   tlint  of  the  s. 
(iLntes.  is  eH><ily  titiceabie  lo  ihe  iimeb  Inrtcer  drainage  from  niiiinidx  anil  ftitjlj 
lands  ii-ceivi-d  by  the  rivi^r  before  iiiTivinj^  al  this  slagc 

Thiril  St-iij-:  —  Ilc|ircsGnled  liy  the  livcr  at  the  Bloddway  bridge,  beforp  onte 
llie  Dundee  Inlie.  nfi.cr  recpivinR  the  total  -sewafre  of  Puterson.  bill  snbseqm^t! 
ful■lli^hi^lJ:  nourish nieiit  In  etlensivo  masses  of  uqnatic  i-inlils  and  iinimals,  and 
ri|i|>llii);  thvnnsh  sonic  miles  of  sliallnw  rapids,  uliieli,  with  the  al^i-ation  and  oxi- 
dation eonse<pient  n|ion  tliese  conditions,  and  iitjoii  the  basic  connvisilion  of  this 
river,  lias  nftoeled  tlie  absolute  alisorplioii  and  deatntetion  of  almost  the  whole 
the  Patereon  sewage  matters.     Of  tbe  latter,  the  oulj  chemiunl  evidences   left 
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the  suit,  wliidi  lias  Leen  increaKei]  almut  SO  jicr  rout.,  (lie  total  organic  maltpr, 
wliicli  Ijaa  iiu.'iva£i;d  uulj  21  iwi'  (writ.,  atiil  lite  ulbiiiiiiuoi<ls,  nliicli  iton'  aveiago 
more  tliati  (l(jul)Ie  tbi'  [jioporlioti  iu  tlie  first  utage,  tlie  fdiial.  tlioiisli  still  not  largo 
eu'fugli  to  cuiiilemn  tlie  watt>r  for  |ntlalj|o  inni«isfs,  nvpii  at  tliiw  jioinl.  Jlori'uvpi-, 
the  Miii  nitrog<iii  lias  heeu  kept  iIduji,  su  tliui  it  liaiely  c^cemla  iLat  aliovc  Ilia 
fnlk.  TUe  Hiilpliatea,  by  ftii'tiliziiig  tlie  water  weeds,  Lave  actually  beeu  reiliiceil 
ill  amount. 

F<-iii-fli  Si,ii/e. —iifi»V!ie\it<-i}  liy  tlitt  purri'iil  in  tlic  Uuiiiii'e  lalie  outlet,  ur  Dun- 
iJi»o  cutinl.  The  wiiter  lias  here  uniltryionu  i'va]>oi-aIioii,  but  at  thu  same  time  much 
furtlipr  ai^i-alioii  uiiii  iie|mrutiiin  by  hs  shiw  pasBUHe  tlirongll  the  exiMiime  of  the 
lake.  Thna,  we  liiicl  Ihiit,  while  the  total  Noliili  have  ini'ieasfd  by  foiicenlnitioii, 
llie  toljil  oigiiiiiL'  luftth-r  lias  beeu  partly  couHuaii'd,  ■•o  lliat  it  hus  fftlleu  to  less  limn 
4  iier  reol.  moti^  Ihim  iu  the  tirsi.  stii^c.  The  salt  ami  nulplmtcs  hare  both  Iticrcasni, 
wiiile  Ihe  aliiuiuinoiila  liavo  now  det'ipa-si-il  to  a  tigiire  r.ot  greatly  above  the  liiflt 
stage,  auJ  llie  lotnl  iiiirogen  lia-s  also  ilKcieimed  nearly  211  |iet'  cent,  during  the  lake 
jmssagi',  so  that  now  both  this  and  Ihi)  albuiuiuoids  are  uppret-iably  les.s  (the  former 
'i'l.  the  lutler  2t)  per  cent,  less)  than  above  the  Falls  before  eulering  Paleison. 

Fift/i  Slnije. — Repieaented  by  what  we  have  cotieliided  to  bu  the  "  nomial  "  euiii- 
]M>sitioii  of  the  downflowing  tideway  walein  wlieti  tiee  from  Ihe  great  influx  of  sew- 
age from  Newark.  Thu  increase  of  nearly  a  grain  per  gallon  of  total  stiliils,  half  of 
which  iu  salt,  is  due  to  several  eauses,  one  biting  eva]Knuti<>ii,  anotiier  local  sewai^'e 
influx.  Tlie  increa.>*e  of  wuljihatea,  os-er  one-fiflh  of  a  grain,  may  be  partially  fi-om 
tlie  L'lili  liheiuicnl  works,  as  already  shown.  The  total  organic  matter  increases 
2(i  and  Ihe  tolal  iiitiogeii  aH  iniieh  lis  137  per  cent.,  ahhongh.  rather  unexpectedly, 
tiio  iill.'uniinoidt  ilo  not  increase  at  all.  but  must  be  destroyed  by  tlie  downflowing 
cnrii'iit  and  onveried  itile  the  innocuous  forms  of  ammouia  salts  and  nitrogen  acids 
about  as  fa«l  as  they  enler. 

These  laller  two  coniiHineots,  aeeoi-duiglv,  bnvo  inci'easeJ  at  the  rate  of  l.VJ  anil 
ll'i  ]tev  cent.  i'es]iec lively. 

A'l.rfA  Si-ifi';  — Ri'p  resell  led  by  samples —mostly  Newark  hydrant  waters — showing 
large  sewage  pollution.  Here  the  mqH  has  iiicreftfed  over  22  times,  the  suliihaten 
are  donl>leil,  and  the  tola!  organic  matleis  iaei*ea«ed  fonr-tohl,  over  the  downHow- 
ing  liilal  cm  lent  of  the  tiflh  stage.  Nevertheless,  very  curiously  again,  the  albumi- 
noids liave  not  iiicreaieil  ]iiopoi1ionalely,  but  only  about  77  I'er  cent.,  now  being 
hut  little  more  than  at  thu  Broadway  hiidge,  at  the  hriid  of  IJundee  lake.  Tlii> 
deslniotive  acliou  of  Passaic  watei-  on  animal  and  animalized  matters  apjieai-s, 
therefore,  to  previiil  at  all  stages  of  the  river's  fliiw.  The  total  nitrogen  in 
this  sixlh  vhige  is  but  M  per  cent,  larger  tlian  in  the  fifth  stage,  thougli  70  jwr 
cent,  larger  than  in  llie  water  nliove  Ihe  Paterson  falls,  121)  per  cent,  larger  than  in 
the  Dundee  caDul,  and  -tUT  pei*  cent,  lai'gor  Ilinu  in  the  Morri'j  canal. 

The  qurstinn  of  the  pollution  of  the  water  sniiplitiH  of  the  large 
rities  of  Nnwurk  and  Jersey  f 'ity  hna,  b,v  reiwoii  of  the  extcii^ive 
litiKiitioiiH  which  have  ensued,  become  somewhat  celebrated,  and  the 
essential  features  of  the  case  are  given  in  Appendix  V. 


Invebtiqations  Df  Penssylvania. 

In  Pennsylvania  Col.  Jiilins  W.  Adams  presented  a  Report  On  the 
I'ollntion  of  Hivers  iis  Api>licu,blG  to  the  Future  AVater  Supply  of 
Phihidelphia,  to  the  CoinmisMiou  of  Enfjineers  Rp|ioiuted  to  lonsidcr 
the  entire  stibject  of  the  present  and  future  water  snpply  of  Phila- 
delphia in  1875,*  Thiw  report  is  folh»wed  by  (1)  a  Keport  of  McHsrs. 
Booth  and  Garrett  to  tho  Commission,  on  tla-ir  Examination  of  tlio 
•  Vo3.  II  «f  iho  Jiiumsl  of  the  Sflwit  Coiinoit  o(  the  oily  of  Phii»delphU  for  187i  (AppeniUi  A.) 
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Waters  of  the  Schuykill  and  Delaware  rivers;  find  (2)  by  a  tabulittion 
ijf  analyses  made  by  Dr.  t'harles  M.  ('resaon. 

Ill  the  Eigbty-Huoond  Aniiuid  Iteport  of  tlie  Phibwlelphin  Water  j 
Depiu'tment  (1884)  is  fuiiud  tbe  begiuuing  of  an  elalmvatB  c-bemicalj 
iovi.'Htigjition  of  tbe  present  and  future  sources  of  wiiter-stipply  fori 
Pbiladelpbiii,  by  Dr.  Albert  R.  Leeds,  tbe  preliminary  work  of  tliol 
first  year,  iucluding  a  chemical  study  largely  of  the  polhition  of  tliat  ] 
river  from  various  sources. 

In  the  Eighty  third  Annuiil  Report  of  the  Department  the  study  of  j 
variona  sources  of  proapectivo  future  supply  is  cootiiiued,  and  Dana 
0.  Barber,  C  E.,  assistant  eugiutwr,  reports  ou  sources  of  pollution  | 
in  detail.     One  of  the  Schuylkill  eases  cited  may  be  reproduced  here. ' 

The  principal  source  of  contamination  at  the  falls  of  the  Schuylkill 
is  the  refuse  waste  from  an  extensive  carpet,  blanket,  and  cloth  mill, 
bituated  a  short  distance  from  the  river  on  a  natural  water -course, 
through  which  the  war^to  products  of  the  mill  tiow  directly  into  the 
rivei'.  In  January,  1884,  the  proprietors  furnished  the  following  stiite- 
nient  of  the  quantity  of  material  used  per  day  ;* 
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Mr,  Biiriter  was  unable  to  state  wliotLcr  ur  uot  tlie  list  mcluiled  all 
the  pollutiiiii  from  thiw  partiL'ulur  mill,  as  lii?  was  deiiied  ac<;ass.  Tho 
list  may  therefore  l>e  takeu  as  repieseiitiug  the  polhitioQ  wliieli  the 
proprietors  were  willing'  to  admit.  Chemieal  analyses  showing  the 
effect  of  this  poUutiou  »m  the  stream  are  given  in  the  report  of  Dr. 
Leeds. 

Mr.  Barber's  report  is  also  iuuhided  in  a  Report  on  the  Pollution  of 
Rivera,  by  the  Committee  on  Water  Supply,  Drainage,  Sewerage,  etc., 
of  the  State  Board  of  Health  of  PonnBylvania,  in  the  First  Annual 
Eeport  of  that  Board  UHail). 

In  the  Eighty-fourth  .^nual  Report  of  the  Philadelphia  Water  De- 
partment Professor  Leed-i  concludes  his  report  on  the  chemical  ex- 
amination of  the  water  supply,  which,  with  ait  additional  short  report 
by  Mr.  Barber  and  tivbles  showing  the  extent  and  density  of  the  pop- 
ulation of  the  collecting  areas  examined,  conchldes  the  Philadelphia 
investigation  so  tar  as  questions  of  stream  pollution  are  concerned. 

Minnesota. 

In  Minnesota,  the  State  Board  of  Health  has  for  several  years  made 
more  or  less  systematic  chemical  analyses  of  waters  throughout  the 
state,  A  number  of  liuch  of  the  water  of  the  Mississippi  river  are 
given  in  the  Eighth  Aimual  Report  of  that  Board.  A  few  analyses 
of  the  Mississippi  river  water  are  given  in  the  Ninth  and  Tenth  Re- 
ports. 

In  1883,  Professor  ■Tamos  A.  Dodge  made  a  few  chemical  analyses 
of  the  Mississippi  river  water  at  points  in  the  vicinity  of  Minneapolis, 
St.  Paul,  Hastings,  and  Winona.  Tlic  results  may  be  found  in  the 
Bulletin  of  the  Minnesota  Academy  of  Science.  Vol.  IH.,  No.  1. 


The  Illinois  Studies, 

In  Ulinoifl,  the  water  siip|)Iy  of  tht?  city  of  Chicago,  drawn  from  the 
lake  front,  is  badly  polluted  by  the  sewage^  of  the  city  which  finds 
its  way  into  Lake  Michigan,  largely  by  way  of  the  Chicago  river,  into 
which  nearly  all  the  sowers  of  tlie  city  discharge." 

The  pollution  of  the  Chicago  river  has,  however,  increased  ivith  the 
growth  of  tlie  city  from  year  to  year,  and  finally  means  were  taken  to 
force,  by  pumping,  a  portion  of  the  polluted  water  of  the  South 
branch  of  the  Chicago  river  through  the  existing  Hlinois  and  Michi- 
gnn  canal,  thereby  obtaining  to  some  extent  the  relief  proposed  by  Mr. 

fSm  aluo  Chapter  IX  .  nu  Di>uh«rKe  into  Tidal  or  CFther  Large  Bodi«i  of  Water,  ■rhera  the  Obi- 
I  problrm  is  Fiirtlier  tonoheil  iipoD. 

0 
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Caesliroitgh  in  185S.  The  present  plant  fur  this  purpose,  erected  in 
lKH'2-83,  lias  a  noiiiiual  cupm-ity  of  GH.IKIO  t-ubic  feet  i»f  water  per  min- 
ute,* whii-h  is  tiikeii  from  tlie  t'liicayy  river,  near  wLere  it  reeeives,  iii 
Hililitiuii  to  tlie  S'^wage  of  about  400,0(10  people,  tUe  ilraiiifige  of  the 
Union  Stock  Yards  at  South  Chicago,  aiuountiug  to  ubout  7,000,000 
gallouK  per  ihiy  of  eouL'eiitrateil  si-wa^e.t 

Tlie  work  of  the  Chicago  Di-aiuage  autl  W'ater  Supply  Comiiimtiiou 
of  1887  revivfil  the  project  of  a  large,  navigable  eaual  to  tLe  Des 
Plaiiies  river,  aiiil  leil  to  a  stmly  in  lM88-8il,  by  the  State  Board  of 
"Health,  of  the  i^ue^tiou  of  probable  poUutiou  of  the  Illinois  river  by 
the  ilischiirge  through  such  a  canal  of  the  sewage  of  the  city  of  Chi- 
cago diluted  with  (500,000  cubic  feet  of  lake  water  per  iniaute. 

Before  discussing  briefly  the  results  obtained  in  the  study  of  the 
water  supplies  of  Illiuois  and  the  pollution  of  its  streams  iu  1888-K!!. 
we  may  refer  to  the  fact  that  the  State  Boaril  of  Health  had  previous- 
ly made  a  few  similar  studies,  the  results  of  which  can  be  found  in 
their  several  reports,  though  chietly  in  the  Ninth  Kcjtort,  for  the  year 
1886.  In  regard  to  the  results  in  the  Ninth  Annual  Report,  it  may  lie 
oViserved  that  they  tire  not  nearly  so  complete  as  the  work  of  iaSR-89, 
and  must  be  considered  at  the  present  time,  in  view  of  the  esteuded 
results  of  the  later  investigation,  of  historical  value  chiefly. 


Self-ptoificatios  in  the  Illinois  and  Micffla.vN  Canal. 


In  the  investigation  of  1888-89,  as  made  by  Professor  J.  H.  Long, 
750  Bam])les  of  watei'  wore  examined  lietween  May  1  and  Novetnber  15. 

Oue  of  the  chief  objects  of  the  investigation  was  to  determine  the 
rate  and  degree  of  self-purificatiou  taking  place  iu  the  Illinois  and 
Michigan  canal  between  Brid<,'e[)ort,  the  point  whei'e  the  sewage  jiol- 
luted  water  of  the  South  branch  is  pumped  into  the  same,  anil  its 
point  of  discbarge  into  the  DesPlaincs  river  at  Joliet.  and  so  ou  down 
stream  to  the  Illinois  river,  and  tinally  to  the  Mississippi,  On  this 
question  Pi-ofessor  Tiong  presents  among  others  a  series  of  analyses  at 
( 1)  Bridgeport,  the  head  of  the  eanul,  and  (21  at  Lockport,  211  miles  be- 
low. Iu  this  distiuice  the  canal  receivc's  nothing  aside  from  rainfall  ami 
the  slight  infiltration  wiiicli  may  possiblv  take  place,  but  which  is  stat- 
ed as  nearly  ii!/.  DuriTitr  the  summer  nf  1888,  while  the  tests  were  in 
progress,  the  pumps  at  Bridgeport  were  in  continual  operation  at  the 
rate  of  50,000  cubic  feet  per  minute,  an  amount  on  an  average  for  each 
wliole  day  about  seven  times  in  excess  of  th'  total  of  sewage  flowing 
.into  the  river  from  all  simrccs.     We  Imve,  then,  in  this  canal  the  ideal 

*  Hm  Oliaftcc  XXIL  in  Pirl  tL  for  deanriiitinu  uii]  illiiatntinnx  of  rhU  plant. 

*  Fur  VI  ■iislysU  cif  thi '  ntn'ili-farcl  ww*^  c*  (nil  nnUi.  jiagie  33. 
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conditions  for  determiniug  the  rate  of  self- purification  of  a  running 
Btream  by  the  purely  chemical  agencies.  To  place  this  in  stronger 
light,  we  may  note  that  the  necessity  for  maintaining  the  canal  iu  nav- 
igable condition  precludes  allowing  the  growth  of  water  plants  aloug 
the  sides  and  bottom.  Again,  the  frequent  passing  of  heavily  laden 
boats  stii-s  up  sediment  which  may  have  collected  at  or  near  the  bot- 


Tablk  No.  9.— Cbbmicai.  CBANOBe  is  ths  Watbh  op  thb  Illinois  and  Miceikiam 
Canal  while  flowing  30  mileb  fhom  Bridqbport  to  Loceport. — (From  uikl- 
jwt  made  b;  Protswor  J.  H.  Long  ia  1888-69.) 

(E>arU  VI  1DO,OIIO.) 
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torn,  tliereby  preventinf^  the  appearunue  of  a  self  purilioiit ion  by  actual 

(iestructiou  of  orfjiiiiic  uiiittor,  which  in  in  reality  merely  u  chaug^o  of 
posiliouot  pollutiu^j  matorial  by  seilimeutatiun.  Further,  in  relation 
to  xedimetttatiou  it  may  be  stated  that  the  ciu'reut  of  the  caiia.!  of 
iiiue-teaths  of  a  mile  an  hour  is  suffiL-icut  tti  prevent  it,  auil  this  fact  in 
further  said  to  be  proven  by  numerous  dredgiuy;s  of  the  bottimi,  which 
-short-  no  traces  of  sewage  subsidence.  The  changaB  which  do  take 
place  may  therefore  be  considered  as  due  entirely  to  oxidalioii ;  and  in 
order  to  show  their  esteut,  Table  No.  9,  deiived  from  Tables  II.  and 
III.  of  Professor  Longs  report,  has  been  prepared,  in  which  the 
samples  are  grouped  in  such  way  a.s  to  give  in  juxtaposition,  so  far  as 
possible,  the  same  sample  from  the  two  places,  the  difference  in  time 
allowing  for  the  flow  from  Bridgeport  to  Lockport. 

The  following  are  the  means  of  all  the  analyses  made  from  May  to 
October  inclusive  (includes  a  number  not  given  in  the  foregoing^ 
table.) 
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D«,«t    ,  T.«i !  «»""  I  «'"r;  1  Ohio- 

!          '                    1 

KmidDeb 

CaUU,. 

rnv 

Din. 

Albn- 

mlitolfl 

nia. 

OxjgaD 

ODB- 

jumBd. 

1          1 
1     ,B~.     I    4T1S     11  n 

e.O     1    *.ta       91)  in 

1.0S 

i.ai 

0.(1         4.01 

W.77 

1.<B 

The  following  are  the  means  of  a  number  of  analyses  made  in  •Tan- 
uary,  Febniaiy,  and  March,  1880.  (The  single  analyses  of  these  two 
series  are  not  comparable  iu  the  same  way  as  the  summer  series,  from 
the  fact  that  the  samples  were  taken  at  both  places  ou  the  same  day.) 
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The  amount  of  purification  attained  appears  from  Table  Ko.  9  to  be 
quite  slight,  althout^h  dilution  would  uudonbteiUy  assiwt  the  process 
siimcwhat.  The  indication  of  the  table  is,  however,  quite  clear,  that 
an  ordinary  stream  roieiving  a  large  quantity  of  a  moderately  dilute 
sewage,  of  the  average  quality  iniliciitod  by  these  tests  at  Lockport. 
can  hardly  be  considered  safe  as  a  source  nf  drinking-water  for  many 
miles  beyond. 

Li  a  paper.  Notes  ou  some  Cases  of  IMnking-Water  and  Disease, 
reail  by  Professor  William  P.  Mason,  before  the  CHiemical  Section  of 
the  Franklin  Institute.  May  Ifl.  18!)1.  and  to  which  we  have  already 
referred  in  Chapter  I.,  page  10,  some  propositious  are  advanced  in 
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regrard  to  the  process  of  aeU-purification  taking  place  in  the  Illinois 
and  Micliigan  canal,  betweeii  Bridgeport  and  Lockport,  which  are  of 
importance  in  connection  with  the  preBent  discussion. 

The  Law  of  Self-puwpication. 

Professor  Mason  advances  the  proposition  that  the  rate  of  purifica- 
tion varies  directly  as  the  amount  of  sewage  contamination,  and  states 
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Fio.  8.— Dkcrbabb  in  Prkb  and  Albcmihoid  Amhonia  is  the  Illinois  ahd 
MicuiOAK  Canal  fkom  Buidoepokt  to  Lockpout,  111. 
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Uiat :  "  Given  a  stream  with  a  certain  amonnt  of  pollution,  the  per 
cent,  of  such  pollution  which  miiet  disappear  per  mile  of  flow  will 
continually  decrease  as  the  stream  flows  ou."  In  illnslmtion  of  this 
propoeition.  Professor  Mnsou  submits  a  graphical  exhibit  of  the 
results  of  a  uumber  of  Professor  Long's  aualjses  (Fig-.  3).  showing  the 
decTvase  in  the  free  and  albuminoid  ammonias  between  BridpciH»rt 
and  Lockport  ou  cei-tain  dates.  The  following  figures  were  nsed  in 
preparing  the  diagrams : 

r<».  irr  i.ipo,an 

fwtr    ■iiirifomu.  Allwikiiikohl  uumnii*. 

June  26 2.6  2.8  0.64  0.56 

July     3 2.7  2.4  0.52  (1.42 

July    17 25.0  IU.2  1.50  0.72 

July   24 5.5  9.2  0.37  0,47 

July    31 23.0  11.0  1.76  0.72 

Aug.     7 2C.U  ]2.0  1.50  0.48 

Aug.    14 29.0  15.2  1.64  0.88 

Au-   21 27.2  15.0  1.50  0.84 

Aug.  28 20.2  U.Q  1.90  0.88 

In  reganl  to  these  figures  and  their  significance.  Professor  Mason 
calls  specific  attention  to  the  samples  of  July  3,  which,  with  relatively 
low  ammonift-s  at  both  ends,  show  a  loss  of  11,2  per  cent,  of  the  free 
ammonia,  and  19.3  per  cent,  of  alliuminoid  ammonia;  and  also  to  the 
samples  of  August  28,  where,  with  relatively  high  ammonias  at  both 
ends,  the  indicated  los.ses  are  55.5  per  cent,  free  ammonia,  and  53.7 
per  cent,  albuminoid  ammonia.  Many  other  illuslmtiouR  of  the  same 
law  will  he  noted  ou  examination  of  the  results  gives  in  Table  No.  9, 
in  detail. 

STRE.VM    PoLLmoS   Di  NeW  YoRK. 

In  New  Tork  State  stream  pollution  has  not,  until  the  last  two  or 
three  years,  receivwl  the  itttention  which  ils  importance  demands, 
alth<mgh  the  Hudson  and  Mohawk  rivrs  huve  been  used  as  the 
sources  of  public  water  supplies  fir  more  than  iO  years. 

A  few  chemical  analyses  of  the  waters  of  these  rivers  may  bo  foQud 
in  the  earlier  waterworks  reports  of  some  of  the  towns  supplied,  bot 
altogether  llifV  fnniish  nothing  of  special  value  in  studying  questions 
of  stream  pollution.  In  1873  Pr'>f'-s»or  t'harles  F.  Chaudh-r  maile  s 
number  of  aualyt^es  of  the  water  of  tli«  Hudson  river  at  Alliany,  and 
Htrongly  r^-ommeuded  the  river  as  n  source  of  supply  for  that  city.  In 
tSBS.  after  12  years*  use  of  it  in  m-eonlance  with  1b.^t  rtiiitnmenda- 
tion,  «ime  doubts  arose  as  to  the  propriety  of  further  us©  in  view  of 
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the  coustant  ami  mpij  iiiLTeuse  of  Itoth  sewage  and  manufacturing' 
pollution.  PriifeMSiir  Cliandlev  agaiu  examined  the  Hudwon  river 
wiiter,  and  a  series  of  amilyses  of  this  and  other  Americiui  rivers  may 
be  found  in  bis  report  to  the  Albany  Water  Commissioners  of  tliat 
year. 

PuoTEfTiVi:  Leoislatio-V  in  Xew  Yohk. 


Notwithstaudinfi  tlie  laek  of  orgiiuized  study  of  stream  pollution, 
the  partial  evils  of  it  have  bt^en  felt  in  vurioua  piirts  of  New  York  State, 
«8peiaally  in  relation  to  preserving  the  purity  of  the  public  water 
supplies.  This  led  to  the  passajje  in  1885  of  an  Act  confomiig  upon 
the  State  Board  of  Health  the  power  to  protect  from  contami nation. 
l)y  suitable  regulations,  the  water  supplies  of  the  State  an<1  their 
sources. 

Early  in  that  year  the  Executive  Board  of  the  city  of  Rochester 
«aused  to  be  made  a  dotaile<l  survey  of  all  the  various  pollutions  at 
.snd  about  HeiuKwk  lake,  the  source  of  the  domestic  water  supply  of 
"the  city  of  Rochester.  The  information  gained  was  used  as  the  basin 
■of  rules  and  regulations,  formulated  by  the  State  Boai'd  of  Health 
Tinder  the  act  just  referred  to,  for  the  protection  of  the  Rochester 
I  -*3upi>lv.     (See  Appendices  III.  and  rV.) 

Kimihir  regulations  have  since  been  nuiile  for  the  protectio"  of  the 
"^■ater  supplies  of  the  villages  of  Fredouia,  Norwich,  Ooblesl  11.  and 
■Oneonta;  and  the  citieB  of  Amsterdam,  Mt.  Vernon,  and  Ne"/  York. 
"The  I'ules  and  regidations  establiwhed  at  these  several  places  are  all 
"modelled  after  the  original  Rochi'stcr  rules,  although  in  some  cases 
Juuditiud  to  suit  either  the  locality  or  to  pi-ovide  for  special  eondi- 
"tions.  They  may  be  fnuud  in  detail  in  the  several  repoi-ts  of  the 
Ntate  Board  of  Health. 

Furthermore,  these  rules  have  all  been  formulated  to  meet  cases  of 
pollution  which  were  ap]tarent  to  the  nnaidcd  senses  on  i'  c  tioii, 
Jiud  in  regard  to  which  it  may  be  justly  claimed  that  the  pollutions 
were  so  flagrant  that  neither  chemical  nor  biological  studies  were 
necessary  to  point  out  the  necessity  for  improvement. 

In  connection  with  the  establisment  of  the  rules  for  the  protection  of 
the  water-shed  of  the  Crotoii  river,  an  extended  survey  of  the  sources 
of  pollution  was  made  by  Professor  Charles  C.  Brown,  C.E.,  whoso 
report  ia  the  Ninth  Annual  of  the  State  Board  contains  a  compilali<m 
of  all  the  chemical  analyses  of  Crotou  water  as  made  by  the  New  Yoik 
Oit.v  Health  Department  for  many  years.  As  stated  in  the  report  a 
number  of  HDalysen  are  included  in  the  tabulations  which  have  never 
before  been  published.  The  tables  include  analyses  from  1843  to  1888 
inclnsive. 
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In  a  brief  disciiHsion  of  these  analyses  by  Profeesor  Elwyn  Waller, 
who,  as  ihemiBt  for  the  Metiopulitaii  Boiird  of  Health,  hail  made  many 
of  theni,  it  18  poiuted  out  that  an  a,  whole  they  do  uot  ahow  auy  Heri- 
OU8  deci-ease  in  the  quality  of  water  from  year  to  year.  The  fact  is, 
however,  clearly  brcmg-ht  out,  that  the  Crotoii  water  is  considerably 
better  some  years  than  others. 

The  acoompauyiiig  dia^ams  (Plate  I.)  from  the  report  show  soma  of 
the  iluL-tuations, 

In  188!)  the  State  Board  of  Health  began  an  extended  study  of  the 
Hudson  river  with  reference  to  pollution  and  allied  questions.  The 
Tenth  and  Eleventh  Annual  Reports  (1890  and  1891)  contjiin  prelimi- 
nary repoits,  and  Professor  Brown,  who  has  charge  of  the  wi.irk,  prom- 
ises an  extended  senes  of  chemical  and  biological  determinations  for 
the  Twelfth  Report. 


Olassification  of  Streams  with  Reference  to  Pollution. 

The  foregoing  essentially  represents  the  present  state  of  the  infor- 
mation in  relation  to  stream  pollution  in  the  United  States,  Study- 
ing it  analytically,  streams  may  be  divided  into  five  das.qes,  namely : 

(1)  Streams  which  are  the  sources  of  public  water  suji|ilies,  and 
which  are  not  pidluted  by  either  sewage  or  mimufacturing  wastes. 

(2)  TTupollutdd  streams  whioh  are  not  now  the  source  of  public  water 
supplies,  but  which  are  likely  to  be  so  used  in  the  future. 

(3)  Streams  either  polluted  or  unpolluted  which  are  not  the  sources 
of  public  water  supplies,  and  which  are  not  likely  to  be  so  used  in  the 
future. 

(4)  Streams  which  are  now  the  sources  of  public  water  supplies,  and 
which  are  polluted  with  both  sewage  and  manufacturing  wastes. 

(6)  Streams  which  are  now  the  sources  of  public  water  supplies,  and 
which  are  polluted  with  manufacturing  wastes  only, 

III  regard  to  (1)  it  i.s  clear  that  the  thing  to  be  done  is  to  keep  them 
in  the  same  condition  for  all  time  to  come.  To  this  end,  sharply  cut 
legislative  enactments  ought  in  the  majority  of  cases  to  ^irove  suffi- 
cient. The  New  York  State  Act  of  18H,5,  with  some  modification  iutlie 
way  of  increaseil  powers  fi>r  the  executive  sanitary  authority,  could  b« 
taken  as  a  model  on  which  to  build. 

For  (2)  it  is  eqnally  clear  that  definite  measures  should  be  inau^- 
rated  for  preserving  them  so  far  uiipiilbtti'd  that,  when  actually  needed 
tor  water  supplies,  they  may  be  so  ufi'il  without  prejwUce  by  reason 
o(  the  previous  occupation. 

To  this  end  each  State   needs  sonic  rompetent   authority  with 
thorough  knowledge  of  all  the  streams,  ponds,  lakes,  etc.,  of  the  State. 
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Tt*  MaBsnchusetts,  «e  already  ■^eon,  the  Stiik-  Boanl  of  Health  is  maile 
the  cuatodiaii  uf  the  luhiiiii  waters,  aud  ^vcji  powers  which  emible  it 
to  pi-opei'ly  decide  each  case  ou  its  merits.  In  New  Jersey  the  hist 
leoisluture  had  under  consideration  an  act  leading  to  Htate  custody  of 
iulaud  wiitera,  which,  however,  fuilud  to  pass. 

For  (3)  it  is  proliably  permissiltje  to  nse  the  streams  as  Bewera  and 
comni'jn  drains,  aud  the  chief  qui'stioii  tij  lie  considered  is  how  ninch 
poUntion  any  given  stream  will  stimd  witlirmt  liccoming  offensive  to 
the  HeiiBeH  or  dangerous  to  health.  In  this  connection  it  should  be  re- 
membered that  a  sewage-polluted  stream  is  not  an  entii'ely  safe  source 
of  drink iug- water  for  domestic  animals. 

The  second  question  may  properly  be,  Wljat  dilution  of  sewage  in  the 
stream  is  necessary  in  order  to  pmiluce  the  best  results  in  tesohnng  it 
through  the  action  of  the  biological  forces?  The  standard  of  Mr. 
Hering.  of  150  to  200  cubic  feet  per  minute  mijiiniuni  tlow  per  1,01H1 
persons  contributing,  is  in  the  majority  of  cases  probably  too  small  a 
dilution  for  the  best  results.  As  a  matter  of  judgment  based  on  some 
laboratory  experiments  inerelv.  for  the  present,  a  niiniinuni  flow  of  300 
cubic  feet  per  minute  per  l,00i>  people  contrilmting  may  be  taken,  al- 
thou]£rh  subject  to  uoditication  when  more  data  are  obtained.*  The 
amount  and  kind  of  silt  carried  by  any  given  stream,  whether  there 
are  rapids  or  pools  just  below  the  point  of  di.scliarge,  are  some  of  the 
physical  features  of  the  stream  which  will  modify  conclusions  as  to 
amount  of  dilution  in  iUiy  given  case.  If  the  stream  is  rapid  Bowing 
alxjve  the  sewage  outfall,  carries  large  quantitiiis  uf  clay  or  other 
eai'thy  matt^er  tu  saspensiou,  and  is  sluggish  below,  a  relatively  large 
amount  of  the  susjiendeil  matter  of  the  iuHowing  sewage  may  be  de- 
posited through  tlie  action  of  sedimentation  in  a  very  short  distance.! 
On  the  other  iuind,  with  rapid  flow  behiw  the  point  of  discharge  and 
little  earthy  matter  in  suspension,  the  insoluble  portion  of  the  sewage 
may  be  carried  a  loug  distance  before  there  is  much  deposition.  If 
rajtids  intervene  the  process  of  reduction  will  go  ou  sonu-what  faster 
than  when  the  rapid  flow  is  merely  that  of  a  deep  channel.  \]]  these 
points  and  many  others  will  require  taking  into  account  before  decid 
ing  any  given  case. 

In  regartl  to  (i)  there  can  be  but  one  conclusion,  the  pollution  should 
either  be  removed  or  their  ntw  as  a  public  water  supply  discontinued. 
Probably  the  decision  of  any  given  case  will  depend  to  some  extent 
upon  tile  bearing  of  legal  questions. 

The  decision  of  questions  relating  to  (5)  will  be  the  most  difficult  of 


•He  PnriliniUo'i  of  3"»'ng'>"  W  Mitifbes.      Editorial  <li«oii->sion  in  Bnjjiiieering,  Oct,  T.  IWW; 
rapriolnl  iu  Una   i  Hl.li-,  II-.-M,  vi.l.  %xvi,,  p.  liSO  (Nnv.  |-J,  ISll-i). 
*  In  rn:ar>l  t^  thr  'anltAry  l"^:knn<.'-  uf  a  pBrtiitl  piirifioftUon  by  MdiiaenUtimi  only,  we  CtM|Jl>'r 
IT.,  The  fTomftuAitinn  of  SewBgv  MniiA. 
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all.  Aa  pointed  out  in  the  chapter  on  The  Legal  Aupects  of  the  Case, 
Kevetal  of  the  States  have,  by  the  enactment  of  Mill  Acts,  apparently 
given  legistative  sanction  to  the  ordinary  pollution  dae  to  the  ose  of 
streams  as  sites  for  manufacturing  establishments.  The  development 
of  manufacturing  interests  has  led  in  Massachusetts  to  the  well  settled 
practice  of  temporary  permissive  pollution  under  State  supervision,  to- 
gether with  puritication  of  streams  by  gradually  removing  sources  of 
pollution,  rather  than  by  forcing  an  immediate  abatement  in  every 
case ;  the  experience  gained  in  that  State  indicates  that  an  independent 
commission,  empowered  to  consider  each  case  on  its  merits,  can  more 
nearly  satisfy  the  various  conflicting  interests  than  any  other  form  of 
adjudication  yet  devised. 


CHAPTER  IV. 

THE  SELF-PURIFlftATION  OF  RUSNING  STREAMS,  AND  THE  RA- 
TIONAL VIEW  IN  RELATION  TO  THE  DISPOSAL  OP  SEWAGE  BY 
DISCHARGE  INTO  TIDE-WATER, 

In  tliis  chapter  two  questions  are  tHscussed  wLich  at  first  si^ht  miiy 

couaidert'il  hh  possibly  baaring-  no  relation  to  eatih  other.     WTieii, 

however,  wu  take  into  account  the  action  of  biolofjical  forces  it  is  fomid 

,Umt  they  are  in  ruaiity  interdependeut,  a  consideration  which  leads  to 

their  discussion  together. 


[ 


Che  Self-Purification  of  a  Runsino  Stream  from  itie  Biological 

PoisT  OF  View. 

It  has  been  iissei-ted  at  various  times  that  a  running  stream  so  far 
tends  to  purify  itself  after  a  few  miles'  tlow  that  the  argument  against 
ilrinking  scwajri'-eontaminated  stn'iinis  which  have  had  an  otiportniiity 
for  several  mili's'  How  ik  not  f<niinled  in  f.'iet.  So  jjenerally  has  this 
view  Ijeen  held  that  the  MasMachusetts  Ieginliiture,  in  limiting  the 
distance  from  the  intake  of  a  water  supply,  derived  from  a  running 
stream,  that  sewage  nmy  be  allowed  to  enter,  has,  in  Chapter  80  of 
the  (Jeueral  Statutes,  fixed  upon  20nji]epi.  Beyond  this  distance,  accord- 
ing to  the  legislature,  there  is  no  objection  to  polluting  a  stream  with 
Bewage.  even  though  it  is  used  as  the  source  of  drinking  water.  It 
wouhi  be  interesting  to  know  just  how  the  legisliilnre  arrived  iit  this 
limit  i>f  20  miles.  It  is  indeed  tinn*  that  nnder  favorable  conditions 
the  tendency  is  towiud  self- purification,  but  the  uncertainty  as  to 
liow  thoroughly  the  forces  tending  in  that  direction  may  act  in  any 
given  case,  is  merely  an  enforcing  of  the  views  alreadv  expressed.  By 
way  of  illustrating  the  recent  views  on  the  ipiestion  of  self-purificatiou 
fnun  the  iiiolngical  point  of  view,  the  following  is  given  as  a  partial 
rxhiliit  merely:* 

Amimg  tbe  inT'(>rl>'bnita  tlii^j'o  nra  cei'tsiii  closseH  of  microscopio  anininlH  n*ln>li, 

■ttndor  fnTorahle  cnnilitinris  nt  snflicipnov  of  foofl  siqiplv,  mnltiplY  in  cricirini'ii*.  nmii- 
berw.  Am  cotnmnn  mjU'eii'nfiif ive*  i>f  tlicsp  minll^''  niiinial'^,  wp  iiiny  iiipiilion  ;  (1 1 
certain   of  the   fllili   infiisniiiiiis.   us   foi'   inBtnuco   /■'•tnim-^  tmn  ;   [2)  Hi/ilfi,   as  tlje 

*  D'^^UKi^inli  hy  Mr  Riirtflt  of  Dr.  Ctian  (!.  Citrri'^r'fi  pappr  cm  SvlE-PnriliaiLliiin  laf  FloM'ing 
VaUt  ■nd  the  Inflncnue  of  Polluted  Water  in  the  Cftn»tiDD  of  Dikbh.  hi  'I'ibiib  Ani.  8<M.  C  R, 
inl,  IMF.,  pp.  T0-7((. 
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tvptcal  repreBealntive  of  tlie  onler  H.yili'oidu  ;  (3)  certaiu  of  llio  Itotifi-ra,  i>f  uliicli 

J^iriiiiiltiri'i  unil  ''nniK-liil'is  umv  be  cileil  UH  iie[*litt[is  tv|)icul  fmtiis ;  (4)  tlii"  imtDer- 
UII--  »|H'ci'.'4  III  aitiiiinl^  im'liidf<<  ia  Clie  eiitoiiioHtniuia  c.'ni~.liu.-r'a  ;  \fi^  tlnmiitiirur,  or 
tbii  lii:»L-niiii.-i-Hlii'iui|i;  ami  (ti)  tlio  Inivre  of  u  iiaiiibfV  of  waleiiu-set'lfc. 

Ill  I'oiiii'nl'ii'ioli  n'i'li  bni-tei'in  tbe  iiifumtriu  ni^  L-routiii'i^a  u[  vbnI.  sv^e,  uvifa  tlu'llfrU 
soiiit*  HptL-ies  ale  as  Hiiutll  as  T^i^vi  iiicb  in  leiii'lb.  /'■mtiiie-'iam  iiiiyliii.  a  fiivin 
ruiiinl  1  believe  uliU'ist  iiivuriulilv  wlierevei-  piitivdiL-tioii  u(  uuimal  iiiitllei'  ix  lakiiifr 
place  ill  u-ulor,  ih  nil  iiiliiKuL-iiil  giant,  lualuif  iiidiviiluuls  nieaburiii};  on  mncb  na  -J,, 
inch  in  leii[;tli.  i^-iriimnciiim  tinrxtiria,  however,  in  much  Biiinllei,  nboiit  i'..-.  inch 
Ijeiiig  lliu  usual  li'iiylh,  • 

111  .'ulilitii)u  Id  {'■inimixiiim,  tbere  ara  a  uniiibei'  uf  utLer  cilinte  inruBonaiii,  which 
are  aliiitint  iuvanalily  foiiiiii  io  nat^r  coutaiuiiit;  oigntiio  niaiter  iiuderg-'ing  deca^, 
luid  exaiuiDatiiiUTi  made  by  tlie  I'eceutlr  ilovelojiei]  lu  el  In  ids  of  biiilogicul  eniiiiiein- 
tiou,  iudicatR  thai  (lom  IWHiily  to  liflv  such  forins  may  be  found  in  eveiy  cnbic 
(tentitiieti-e  of  badly  coutauiinated  «uIl>i'  ;  liiit  nliethei  any  such  niinibers  wniild  be 
toniid  ill  ninniiig  atreaius,  even  though  flowing  slowly,  I  hare  had  as  yet  no  inean» 
of  determining. 

Any  notice  of  the  infusoria  in  i-elatioa  to  the  Belf-puiification  of  coDtaminatml 
waleis,  would  be  incoiujik-te  without  some  reference  to  Eagteii'i  and  the  allied 
genera.  In  »4tauiliug  watere  Eiigleua  vir'iiii*,  an  infusoiian  of  bright  greeu  color,  is 
frequently  present  in  such  quantity  as  to  impart  a  green  color  to  tlie  waler  lis 
k-nglh  varies  tnnu  tIo  inch  to  ci,,  inch.  The  vast  quantities  of  K-i-ileun  which  are 
met  with  under  favorable  cunditioni^  are  suHicieutly  aeoiUDted  for  wlipti  we  h'nni 
that  it  may  multiply,  not  only  by  fission,  or  by  the  division  of  one  individnui  iiiio 
two,  but  it  further  niulliplies  liy  the  "  subdivision  of  the  entire  binly  Hiibstunci-  iiitc 
apomlar  elenienta,  and  by  the  development  of  indejiendeut  germiaul  bodies  uul  of 
the  suliataneo  of  the  endoplasl."* 

Ei'i/leiiii  is  generally  found  in  quantity  in  streams  conlaniinalcd  with  Few*Bge. 
Hi/drii  is  au  animal  of  coiiaiderable  siKe.  frequently  reikchiiig  a  length,  uiieii  fitllj 
extended,  of  uf^rly  an  inch.  Il  is  allacheil  to  water  plants  in  quauiitv  in  slagu«ul 
waters,  and  voraciously  devonm  everylhing  coming  wilhin  its  l-ench. 

Rotifers  frequently  develop  in  vast  qnaiility  in  waters  carrying  krge  Riiionnts  of 
orgauic  matter  ;  and  aniotig  sm-ii  Luviutil'ii"!  "H-iulis  may  lie  token  as  typical,  Thi*. 
creature  is  usually  attached  lo  water  plants  along  the  margins  of  ^towty  running 
Blreams ;  and  in  favorite  locations  at  ceilnin  seasons  many  hundred  thousand  col- 
aniei  will  be  found  in  a  liniiteil  sgince.  The  colotiitit  are  aboni  \  inrh  in  diameter. 
Kud  fmpmntly  contain  fi-oni  lifly  to  one  hundred  individnaU.  eiL''h  about  ,',  inch  in 
lenglii  h  single  sprig  of  water  plant  hag  tieen  found  lo  suppuit  nearly  one  him- 
dred  colonies. 

Another  rotifer  which  may  be  mentioned  is  C-nochilua  rv/ror— a  free-xwiniiuiug. 
social  fuiTii— with  the  colonies  conlainiiig  fiom  seventy  to  one  btindii'd  individual.^. 
The  colonies  are  on  an  average  -/,.  inch  in  diaineU-r,  wiih  the  siiiglf  meiubei's  V,,  inch 
in  lensih. 

Probably  Ihp  Eulomrxtncn  are  of  the  animal  toims  ihe  ro>.>sl  efficient  asxiitaiiia 
in  the  srlf-puiilication  "f  running  sti-eauis.  The  V!i-l  nnmWrs  in  which  ihcy  de- 
relon,  and  llie  readinewi  with  which  they  devour  alt  sorts  of  tilth,  render  ilim 
worthy  of  more  extended  atndy,  from  ui  economic  ixrint  of  vi<?w,  tlutu  tbry  have 
yel  rweiveil. 

As  illn^tratiug  Ihe  forms  eK|iecially  worlhy  of  allention.  in  this  conneclion.  mar 
he  mentioned  itnphnin,  ''•■••"•I'tphnm.  l''i0H-i»,  I'liH-ji*  and  othen^  These  Are  aU 
(onnd  in  waters  conlnining  ile-'iiyinK  orgjinic  niattei'M,  and  if  the  water  is  iiiteiid><d 
for  domestic  use,  their  pre.s.'nce  in  qiianiiiv  may  lie  taken  as  danger  signals. f  On 
the  other  hniid,  th.'ir  presence  in  ipmnlilv  may  be  taken  to  indicate  u  step  in  (lie 

IiiiiCfKS  of  M'lf-puriflcation  of  i-onlauiinutr'd  wiitcix.     Ak  many  na  one  thonsand  fonr 
inndr>>d  '>Wi ■/■'/■  A m'ti*  have  l»ieii  cdiini.'d  it.  a  sinfile  (jiiuii  of  Mich  waler.l  and  tllia 
nuiulM^r  by  no  niemiB  exhHU->i''<l  the  Tiiilil.'  life  in  the  fi^mple. 

A  atndv  of  tlie  EiitoniiMlinca.  and  oiiKcnKlions  of  their  immensr  femndilr  «n<l 


■  Kmt:  Uantulnf  (b*  Infuxiru.  iM^Sn 
*  Horiak :  C?rnria>->«  "f  MJ"n>>«>la.  ;  Hditick,  lot.  rit 
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ency  to  aut  ua  Hiruvengt'i-s,  l(^d  at  an  eai-ly  iliiv  to  sirnnilftily  ciirrect  views  aa  to 
the  causation  and  siiriful  nf  ili^euHe.  Tliiis  Oiljo  Freili-i-iL-us  Miiller,  iu  Lis  work  on 
the  Eutomosti'BCu,  piililislied  in  li!4i>,  i-uv» :   "  Tb^  time  is  at  liaoil  wlieu  the  caii'iUH 

f  ilis(-3.se  Hboll  nut  only  Uo  aouglit  aFti'i-  iu  tLi^  uh;  in  uiir  motlnKl  t>[  livirj}^,  elLv, 
Ijnt  iu  thi)  iueunlmUB  u^e  of  wiiteiH  ofleu  abouiuiiuf;  m  iiimiuit>ialiln  iiuitnalculefi." 
Tlie  fei-iiiity  of  tUtse  iit.tle  nuimiilfi  lias  alicmlj- l)Heu  ii'li.'ntd  li..  njiii  W  way  nf 
ilUialratiiig  it,  refi.'1't'nci;  um.v  liti  made  to  Juiiue'a  L-ouipuIatiuu,  (liui  r<  siii«lH  feuiiUe 
C^icl'ija  r/iiiitlfic'iriiii>  mitrl't  in  tme  yt'ar  have  a,  progeny  uuioiiutiiif'  in  fuui'  liillimi, 
ti-iui*  liuiiilrej  inilliuD.*      Tin?  tolloiiiug  uit-  llie  aveiu^e   Itu^'Us  <if  ntime  of  ilie 

iiimals  of  tliis  gi-ouii ;     llnjilmiii,  i',,  iiioli  ;  .Siniociqr/i'ihis,  \  iiifii  ;   CT/dvpn,  -.V  i'l^'h  i 
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■Biid  C;/ii'h,  ,',  iiR'li.  Itfiiiimju-iii',  aui>t1it!i'  cru>tta('euu  of  tlie  oilier  Aiupbipoda,  i--  li 
denizen  of  siIu^jgisli-tliiwinK.  i:oiilaiiiii<fttei.l  BtreauiK,  where  it  may  lie  freiiueiilly 
fonnd  in  Jtrent  quantity.  This  animal,  wlieii  fuil  (ji'onri,  attains  a  length  of  J  imh. 
The  ittrvic  of  a  number  of  lusecta  paMs  tlieir  lan'fll  Mtafjo  inimeraed  m  wiilcr,  and 
niaoug  auL'h  the  larva  of  the  mosquito  may  easily  take  a  high  rank  for  largo  Duin- 

The  foregoing  exhibits,  in  a  very  iiiuom|)lete  nay,  a  few  of  the  animals  wliii.-ll 
'  ii*si«t  in  the  self- purification  of  a  mnning  slreani.  Tlie  nuwliur  of  apeeica  uliu'li 
actually  ossiat  in  Hui:h  work  in  very  i^ivai.  and  a  niei'e  umuueration  of  liieiu  would 
require  oonsidoialile  H^iace.  Aa  to  the  defiuile  part  jJayed  i'V  eacii  species  little  uiu 
be  said,  an,  witii  the  exception  of  the  EntoiuoHtmca,  Jiotie  of  them  have  bi-eu 
studied  in  reference  to  llieir  eponouiic  value  in  thiK  diriiptiou.  The  exception 
noted  in  the  case  of  the  Eiituiiioslrttca  ia  a  i«rtial  study  made  by  Dr.  H,  C,  Horby, 
of  £ingiaiid,  a  few  ycai'a  ago. 

Enoiij^h  (.'iiu  be  giitliered,  even  thoiijfh  we  ]xwMes8  little  definite  knowledge,  li> 
fjiiatity  *iyin)f  llnil  Jiniiuula  of  the  classes  under  con  side  rat  ion  play  a  very  imporlaut 
part  ill  tlie  sociiIIimI  aelf-pnritiontiou  of  streama.  Minute  planta  may  also  be  cun- 
j  mdered  ivs  aisi»liug  greatly  in  such  work,  but  this  i)art  of  the  subject  I  leave  mi- 
^K touched  at  this  time. 

^B     Tlie  question  of  aelf-|mrification  may,  however,  be  Hoinewhat  simplified,  if  we 

^Hconaider  just  the  distinclion  wliicb  marks  the  diviaiim  line  between  animals  and 

^Bplatlts,     The  s|iecitic  ditTeieuce  may  be  reailily  apjireciated  by  couaidoring  that  ani- 

^^  Inals  always  requiie  organized  food ;  they  seek  those  substances  iu  whicli  hydrogen, 

tiliogeu,  cttLbon,  sulphur,  etc.,  have  been  already  assimilated  into  living  form'-,  sw\v 

hviiig  forms  themselves  being  either  animal  or  plant.   Plants,  tin  the  other  liaud,  have 

no  power  of  asstuiilating  organized  food  ;  they  reipiire  rathi'r  the  eleiuenta  hvdi'o- 

gen.  tiiiro'jeii,  ciirbnn.  etc  ,  in  iheir  piimiil  state.      In  a  general  way,  it  may  be  said 

Uiitt  thisiliatini-liiui  holda  good  through  tlie  whole  scale  from  the  bigheet  to  the 

lowest.     Indeed,  when  we  come  to  deciding  a  dillicult  case,  as  for  instance,  whether 

a  given   fiirm  hehHigs  to  the  Piotophyla  or  the  Proloxoa,  we  take  advantage  of  lliia 

Idi»tiiietioii.  and  the  nitlnral  line  of  sindy  is  to  determine  in  whieh  way  food  is  taken 
by  tbe  unknown  fniin. 
A  |iro|ier  iippreeinlion  of  this  liislinctiou  will  assist  greatly  in  nnderstalidiuK  Hie 
phenomena  exhiliiterl  by  sticama  in  the  pi-oeess  of  self-iiurilicaliotL.  Tims  we  seem 
justilied  in  conclndiiig,  that  if  cont.nminaliug  organic  matter  in  streams  is  fo  be  re- 
duced I"  an  innocuous  form,  without  the  interventiim  of  foul,  odor-producing,  piilre- 
faotive  I'L'ocesses,  it  will  be  aceooiphshed.  in  the  earliest  stages  at  any  rate,  by  the 
fts,»isliini-e  of  animals  rather  than  i)lanla.  Just  bow  ntiimals  and  planta  assist  iu  ihe 
priicitss  of  self- purification,  is  (inely  exhibited  by  the  jmper  of  I'r.  H,  <■.  Sorhy 
herewith  appended,  entitled,  Detection  of  Sewage  Contamtnatinn  by  the  Use  of  Ihe 
Microscope,  atidon  the  Purifying  Action  of  Jliiiutc  Animalaand  PlniLlsf  Dr.Sorby 
■ays : 

"  By  atndying  with  the  microscope  the  solid  matters  dejwsited  from  the  wat<-r« 

»f   a    river,    the   previous   eontnuiinatiou   with   acnage  can    usnally   be   detected 

without  any  oouHidorablu  difficulty.     If  the  amount   be  scrions,  the  eharttctcristic 

■  particles  .if  human  excrement  can  easily  be  seen  ;  and  it  it  is  small  and  Itos  been 

Iwriied  >  long  way  by  the  cniTeiil.  it  can  usually  be  re(!C)gnized  by  means  of  the 

•  Bair<t"»  Utitifth  BntoiiiftntnicK,  |mj^c  TWO. 
t  Ji.ut.  Kuy.  Mior.  (*!«.,  ts«4,  pp.  ftttWIBt. 
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hairs  <it  oats  derived  mainl;  from  the  clropptogs  of  horses,  which  resist  decciuposi- 

tion  For  a  long  time,  aiiil  are  not  cousniued  iis  looii  by  minute  animals.  I,  however. 
do  uot  propost^  to  euter  iiitu  detuil  in  cunneutiou  with  this  part  of  my  aiibject,  bat 
spetiiiUy  desires  to  cull  uttentlon  to  the  conueotion  between  the  nniuher  of  niinule 
aniciiiUs  and  plants  and  (lie  character  of  the  tvater  in  which  ther  live,  and  alui  to 
thoir  inUueiice  in  removing  ur^Biiic  impurities. 

"  For  some  time  jHiHt  I  liave  been  L-iu'efnlly  ascerlaioing  the  nniuber  per 
of  different  >>um]>les  of  river  ami  nea  water,  of  the  varioux  NQiall  auituals  whicli 
large  enough  uot  to  pass  through  a  sieve,  the  meshes  of  whieli  ai*e  about  ,),!,  jiurl  of 
a,Ti  inch  in  diameter.  The  auioimt  of  water  used  varies  from  ten  gallons  down- 
ward, accurdiug  to  the  nuiuber  jnvsent.  By  the  an'uugciueiila  Uiied  there  is  do 
important  diffieidly  in  carrying  out  the  whole  method  in  a  satisfaetory  nmiiuer.  I 
confine  my  remarks  entirely  lo  general  mean  reeulls.  The  chief  animnls  met  with 
in  fresh  water  are  various  £nto must raca.  Kotifera,  and  the  worni-like  ian'u-  of  insects. 
I  liud  that  the  number  jier  j^alkiii  aiid  pereenlage  relationvliipx  of  these  mark,  in  a 
most  clear  mauiier,  changed  conditioHR  in  the  walei',  the  ilisehni'ge  of  a  certain 
amount  of  sewage  being  indicated  by  an  increase  in  the  total  number  |>er  gallon,  or 
by  un  alteration  in  the  relative  uumL-eiti  of  the  diffeivnt  kinds,  or  by  both.  All  my 
remarks  apply  to  the  warm  part  of  the  year,  and  uot  to  winter. 

"It  is  known  that  Entomostiwa  will  ent  dead  aniuiiil  mailer,  thongb  probably 
not  entirely  de|)endent  ou  il.  I  have  myself  proved  that  they  may  be  kept  alive  for 
maur  nionth.s  by  feeding  them  on  huniait  excrement,  though  they  soon  died  without 
it.  If  the  amount  of  food  in  any  water  is  small,  not  many  of  sueli  uuiuitits  can  obtain 
sufficient ;  but  if  it  bo  aliundaiit,  they  may  multiply  rapidly,  since  it  is  asserted  that 
in  one  season  a  single  female  ('yclops  luay  give  iiHe  to  no  less  than  foui  thousand 
niillions  of  yonn^.  In  stagnant  muddy  ponds,  whei?  food  abonndn,  I  have  found 
an  average  ot  200  per  pilloii  In  the  case  of  fairly  pure  nvers  llie  total  number 
of  frce-swimmint;  aninialH  is  not  more  than  1  per  gallon.  1  found,  however,  that 
where  what  m»y  be  called  newage  wai^  discharged  into  snch  water,  the  number  per 
gallon  rose  to  '27.  and  the  i>ercen(age  relationsliips  between  the  different  grouiM  of 
Enlomostraca  were  jfreatly  chiiUBeil.  In  the  Thames  ut  Crossness,  at  low  water, 
the  nuud)er  was  about  6  jier  gallon,  which  fell  to  3  or  4  at  Erith,  and  was  i-educed 
to  less  than  1  nt  (ireenhlthe. 

"  Tliere  is,  honevci-,  a  very  decided  limit  to  the  increase  of  Entomosli'aca  when 
the  water  of  a  river  is  rendered  ven-  impure  by  the  dischtirge  of  too  much  sewage, 
probably  becau-^e  oxygen  is  deficient,  an<l  free  sulphide  of  hydrogen  I'vesent.  Such 
water  is  often  chariictoriKed  by  the  great  number  of  woimdikc  larvfe  of  insects. 
Thus,  in  the  Don  below  Slietlield  in  summer,  I  found  the  minibei  of  Eutomoslraca 
]>er  giilhiu  only  bIkoiI  nne-fhird  of  what  it  is  in  pure  nalers ;  whilst,  on  the  contiarj-, 
the  nunilier  of  wormdilie  laivie  weie  more  than  1  per  gallon. 

"  Now.  if  the  minute  fn-e-^wiinmint;  animals  thus  increasi-  when  a  certain  oniouut 
of  sewiiKP  sniiplicf  them  with  ample  fnod,  il  is  quite  obviuns  that  they  mu-.t  liuve  a 
most  inipoilant  infltience  in  removing  olijeciioiiable  inipni'ities.  The  number  of 
e\creiuenl.s  of  Entoraostntcft  in  the  recent  mud  of  «noh  rivei-s  as  the  Thames  is  most 
snrjirisi ng.  In  one  spetimi'U  from  Hammersmitli  I  found  lliat  there  weie  more 
than  'JIMKHIiwr  grain  ;  anri  the  avein^ie  number  nt  Erilliin  .-VuRust,  1,H8'J,  waf  alxinl 
7,'I0I),  which  is  equivalent  to  about  2IIO.fflK)per  ^'nllon  of  waternl  lialfebh,  fi.im  the 
BUifiwe  to  the  bottom.  .This  einiruious  nnuilier  must  rejircnent  a  vej'v  large  amount 
of  sewa-tc  mntei  iai  consumed  as  fooil  :  and  I  hough,  as  in  the  ciise  of  larger  ATrimBis, 
A  cimsiiiemhie  |>art  of  their  excrements  no  doubt  consisis  of  organic  mutter  cupuble 
of  putrefaction,  yet  there  can  be  no  loss  doubt  that  the  amonnl  entirely  eousnmed  in 
the  life-]'rocesBes  of  these  aiiim:iis  is  also  great. 

'■  .\s  named  above,  I  kejit  CyclopK  alive  tor  many  months  by  feeding  them  on 
hnniaii  excrement.  It  is  thus  easy  lo  understand  why,  when  lliev  abound  in  the 
Thames,  the  relative  amouni  of  human  excrement  it  veiy  eon-ideiably  les.''  than  in 
the  winter,  when  their  nnmbor  must  ha  mnch  Hmalter,  We  ihn*  npjieiir  to  W 
led  to  the  conclusion  tiial  wlien  the  amount  of  sewnge  disclmrged  luio  a  riwr 
is  not  too  great,  it  fumishes  food  for  a  vo-st  number  ot  aninnd.s.  which  perform 
a  most  imiHirtant  part  in  removing  it.  On  the  conlniiy,  if  the  disi-harge  l>o 
too  great,  it  oiay  be  iujuriooa  to  ihem,  and  this  prooetw  of  parifioatiou  may  cease. 
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Posuibl;  this  eipkins  nbv  iacei'tain  cuten  u  river  wliich  is  uHiially  iiuubjevtiuDable 
may  oti'usiomillv  beootne  ofl'euKivt',  It  also  stems  to  iniike  it  cleuf  iliat  llie  ills, 
charge  of  rulher  too  iimub  »ewage  may  jiroduce  relatively  very  great  iiTiil  olijectiun- 
able  ]*eHulls. 

"Tlionj-h  sncb  coiiijiatutivoly  large  animals  ok  Entomostraca  may  remore  much 
ptitreftable  matter  from  a,  river,  we  caiiuot  Hi]|jpoae  tLiit,  except  incideutftlly,  ihey 
remove  hui^U  rerv  miuiitu  ohjeets  a^1  iliHeiiHe-gerriia ;  but  it  wouKl  be  a,  subject  nell 
woi'lby  of  iiivestigtitioL  to  useertnin  ivhetUcr  tlie  more  uiiaiite  infuBuriu  eau,  mid 
ilo,  eonsume  Mifli  gei  Ills  iid  a  [jorliiiii  nf  tlieir  tociil.  If  hd,  we  siinubl  be  uble  to 
nn.lei-sitauil  h«w  living  l.mlies,  wliieli  eoiilil  roaist  any  |jiiroly  eliomii-ul  action  likely 
to  be  riii-l  ivitli  ill  a  river,  could  be  destroyed  by  tiio  digestive  jiroeesK  of  tLiiiiute 
animal'^.  Ilitlierlo,  I  liiive  Inul  no  i>|i]>or[utiity  for  e\uniiiiiiig  this  ijuestiun 
erilicuiiy.  lint  have  been  uble  lo  h'iiin  eeriaiu  finjls,  nhieh  at  all  eveuls  show  that  it 
is  well  woi'iiy  (■[  fiii'lher  eX!iiuiiia;iou.  It  U  only  during  Iho  laai  mouth  thui  I 
have  pail]  s|>i'i'iiil  iittentiou  to  the  niiuiliur  of  lurger  iufu^oriii.  iiiid  various  other 
aniiuais  of  simihir  tyjie  met  with  in  the  waters  of  livers  aud  the  sen,  which  can  be 
H^en  and  be  eounted  by  means  of  a  low  iuagliifyiug  ]iOWer.  At  low  water  in  lliu 
Meiiwuy  above  Cliathaiu,  in  tiie  tirsl  liulf  of  June,  the  average  nu tuber  per  gallon  has 
been  nbniil  7,0INI,  but  soineliines  us  umny  aa  ltl,IXMl.  Their  avei-age  nize  was  about 
ii/,,,i  iiicli.  Pos»ibly  the  number  of  still  mure  minute  forms  may  be  equally  great; 
but  if  we  coiitine  our  attention  lo  tjiose  observed,  we  eannnt  iiut  eonehide  that 
their  effect  in  removing  organie  mattef  nmsl  be  veiy  conNiiierHlile.  Judging 
from  what  oeeurs  iu  the  case  of  lai;,'er  auiiualB,  thoae  ri,^.,  of  an  ineii  in  diameler 
laay  well  be  su|ipoHeil  to  consume  a-<  food  particles  of  the  size  of  gcrniH.  Up  lo 
the  present  lime  I  have,  however,  collected  so  few  facta  beariug  ou  this  iplcslioii, 
tiuil  il  must  be  regarded  as  a  suggestion  for  future  inqllirv. 

"So  far  I  have  referred  eKilnsivelr  to  theeffeet  of  animal  life.  Minute  plmilsplay 
no  im(««tiint  part  in  another  way.  The  unmbor  per  gallon  of  Ru--pended  diaioms, 
ilesmid--,  and  eonfervoid  algie  i-<,  in  some  ea'<en,  most  astouishin;;,  and  they  must 
often  produce  more  effect  than  the  lai  ger  plaut^.  As  for  aa  I  have  been  able  lo 
aseertaiii,  their  number  is,  to  some  e\lent,  related  to  the  amount  of  material  in  the 
ivaljjr  f-nilable  (or  their  assimilation  iitid  grinvlh.  In  Ihe  mail  di.'posited  from  pure 
rivet's  their  number  ia  retutively  small,  but  in  the  disti  ict  of  the  Thames  where  the 
»ge  is  discharged,  I  found  that  in  summer  llicir  number  per  grain  of  mud 
,'h»lf  ebb-tide  was  about  4l)t).IMM},  wln.-ii  is  e.juivalent  to  about  5,(X)0,IHM1  j«t- 
mlluii  of  water.  This  in  two  or  ihipe  times  as  many  as  were  found  higher  up 
or  lower  down  tlie  river,  ami  out  of  all  proportion  more  than  in  Ihe  ease  of  fairlv 
(inre  rivera  like  the  Medway.  Their  effect  in  oxygenating  the  water  must  be  very 
iiuporlaul,  since  when  exjmsed  to  the  light  they  decompose  carbonic  acid  and  give 
offovvgen,  under  eiieurnslaaees  most  fiivomble  for  supplying  the  needs  of  aninml 
li(e,  aud  eounteLuot  Ihe  putrefactive  decomposition  so  soon  set  up  by  minute  fungi 
when  oxygen  is  absent. 

"  Taking  all  the  above  tacts  into  eonsiileration,  it  appears  to  mo  that  the  removal 
of  impurities  from  rivers  ia  ninre  of  a  l)iological  than  a  chemical  question;  and 
that  in  all  diseussions  of  the  subject  it  ia  most  iniportunt  to  consider  the  action  of 
uiinnle  animals  and  plaula,  which  may  be  looked  upon  as  being  indirectly  most 
powei-fiil  olieuiical  ugeDts." 


The  at'lf-imi-ificatiou  nf  Btreaius,  sis  pointed  nut  by  Dr.  Percy  Praijk- 
liirnl  and  otliers,  admits  of  discnsaioii  fi'om  two  distinct  points  of  view, 
tiamt.'lv.  the  chemico-pIivHifal  tind  tlie  hiokifrical.  Wlifu  iliscnaseil 
from  till'  flrat  the  concfm.siis  of  recent  opinion  is  that  dilution  and  sedi- 
mentation are  the  caiLses  chiefly  operative.  Prom  this  point  of  view 
tittle  i^niains  to  hf  said  iu  ailditiou  to  what  has  already  heen  well  said 
by  othiTs.  and  wc  may  pass  t"  thn  consideration  in  detail  of  a  recently 
obnerved  Mpuelfic  case  of  siilf-puritication  through  the  agency  of  the 
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biological  forces,*     We  aliall,  however,  consider  the  queatioti  from  the 
purely  physical  point  of  view  in  the  nest  chapter. 

The  Case  of  Beaveb  Dam  Biiook. 


Beaver  Dam  brook,  u  tributary  of  Lakr  Cochitnate,  receives  the 
watet  of  tho  iiinieriiritiu  of  the  Soutli  FriimiLpluiin  sopamte  sewerage 
HV'steni,  The  umlerdriiiii  is  Iftitl  at  ii  lower  level  than  the  sewers  and 
an  analysis  of  thi-  w«t*'r  Howing  from  it  imule  before  any  Kewtige  was 
tiuTied  into  the  sewers,  in  comparison  with  analystiB  iniule  after,  iadi- 
cittes  that  no  Iciakape  from  the  sewers  takes  pldce.t 

Tables  Nos.  10  and  11  give  the  residts  of  a  series  of  chemical  and 
microscupical  analyses  madfi  in  August,  18!I0,  as  detailed  in  the 
Hpecial  Report,  Part  I.,  and  also  the  Twenty-second  Annual  Report. 

Taiilb  No.  10. — Analyses  of  Watru  fhom  S^opth  Fhaminrham  CsDEnuuAin  asi> 
PKoM  Bkavkh  Dam   FIiioi)k  Above  anii  Bkmiw,  Maof,  Auocst  S,  1800. 

(P.rt.  M"  IIW.UOU.) 
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On  the  date  of  these  examinations  it  is  stated  that  the  brook  was 
extremely  low,  its  waters  flowing  slnggishly  through  a  hixuriuut 
growth  of  a<iuatic  plants.  After  receiving  the  flow  from  the  nnder- 
draiu  the  relative  proportion  was,  as  further  stated  in  the  Special 
Repoi-t.  i5  per  cent,  from  the  underdrain  and  55  per  cent,  from  tlie 
original  water  of  the  brook. 

•  For  reocnt  dincoMion  of  the  •rlf-pnrifioB.tion  of  ■treams  from  tha  ohpinii?al  ]»ine  of  vifur,  *« 
»l>npor  by  Dr.  Peroy  F,  PriinkU»d  on  Ths  Present  Sute  of  Out  Knowlwlgi:  Cuiit-pttdna  the  ScU- 
Plirilicntlon  of  Ri'ctii,  ceud  (wfum  llie  liituraational  Congrwe  of  Hjyicnw  ami  Dcmtigiiiplij, 
1S91,  in  Eng,  Ncvm,  voL  sivi,,  p.  aiS  ISppt.  5,  IStll),  Tlio  earlier  It,^]«iri>  of  the  Ua 
Rt  BJ.  of  Ilfil'h  contftHi  »  liirg"  .injimiitof  informutinii  from  tliB  pnrel)'  ohcmioat  point  of  TieiO 
while  in  the  very  m.-i-nt  ones  maj  Iw  foiimi  the  most  of  wh«t  wl'  linye  in  tliit  oountrf  frvtn 
tho  Uioliwii^' J ••'le  "f  thequi«tion,  .VtorooTor,  a  ilmunaiiion  of  pnliiitinn  of  Mrmuna  iiivo1t-o»  Liigaly 
then  «-H-purilicalion,  auJ  ilio  eliiiiicr  un  Follntion.  ate  ,  wmtima  in  uliriilgeil  ncoonnt  of  Minis 
of  tlio  more  imiK.ilanl  recent  ttuilum  in  thia  rountry  from  tht  ahruHL-nl  |i.iint  of  vUw.  lu  (nr 
instance,  Ilic  i»p'irt  o(  Mr  Wiirli  on  the  [nilluticiii  of  tho  Puuftin  liTiir,  nnd  tha  imilution  ot 
the  Illinois  aiiit  Mii)hlg»n  nanal  iti  Illinoin.  to  «)iioh  iho  render  Unterred. 
*  Twonty-wMond  An.  Kept.  Haa.  St.  B-i-  lle^td,  p   HU, 
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Table  Ko.  11.— Rbsults  of  Micri>scopicai.  Examination  or  Samplkb  Nob.  6,SS0  to 
6,S85,  AB  rKK  pRBVioua  Table. 
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Studying  the  results  we  note  first  of  all  the  large  amount  of  chlorine 
in  the  water  of  the  underdraiu,  which  is  taken  as  meaning  that  it  de- 
rives a  portion  of  its  water  from  the  cesspools  in  use  before  the  sewers 
were  built  and  which  are  still  in  use  in  many  iustancea.  Even  if  the 
cesspools  had  all  been  abandoned  immediately  on  the  completion  of  the 
sewerage  system  in  1889  their  effect  could  hardly  have  failed  to  be 
manifest  for  some  time  after.  The  water  issuing  from  the  mouth  of 
the  nnderdrain  is  clear  and  colorless  and  contains  considerable  Cre- 
itothnx,  which  rapidly  deposits  in  the  sluggish  current  of  the  open 
channel.  The  water  of  the  brook  itself  above  the  mouth  of  the  under- 
drain  also  contains  a  small  amount  of  Creiwthrtx,  as  shown  by  the 
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mtoroaoopioal  tunUyitis  No.  6.381.  As  tlie  How  proceeds  down  tha 
hnuik.  fh*'  lUialyttcH  show  a  propreswive  oliimse,  ami  compftiison  of  the 
mioi-ssiMi  stii^'K  ol'  lU'vfliijiiut'Ut  of  the  pltiiit  life  with  the  ebanges 
ill  (|i)nut)l.v  of  the  uiuiiionixM  ami  uiti'utes,  iuilk'ates  the  nature  of  the 
cliniitfr-M  in  the  oru-ntiU-  iiiattir  wlikh  niv  takitifr  plat-e.  The  iinpor- 
tHiiii-  of  ilistiii^ruishiu^  bt'tneeii  tin-  suspotiiled  aud  dissulviil  albn- 
luiiioiil  ammonia  is  also  clearly  broiigbt  out  by  these  analyses. 

St'pti'iulwT  !i  and  ID,  ISS),  samples  taken  from  the  lower  part  of  the 
lfcti\t'r  Dam  bixmk  estuary  weiv  exiuniued  micFoseopioally  ,liy  Mr. 
Itaflfr.  .\t  thai  time  the  phuit  life  was  chiefly  ^">7«irir<i,  there  beiuB 
pnvKuit  on  Septenilwr  ij,  ^,W2  per  cubic  eeutimetre.  with  52  Dltilif- 
•wiKTit','  ami  <>u  iSeptcmlHsr  10.  2,018  ^•''''■•^•rrx  aud  1-1  fiiiitnimtiyre  per 
cubic  i-eutimclr*'.  Heavy  rains  during  the  prei-editi?  summer  had  kept 
the  titriMim  at  an  abundnut  Hou.  AVe  may  ciiuelnde.  therefore,  that 
tht>  ixHultM  o)it«iiM>I  in  August,  ItftW.  were  not  e\feptioDal,  bat  that, 
oil  the  (imtnuy,  iu  this  ea>«'  the  biolotrii-al  fouvs  are  constantly  at 
wtrk  ill  e^vtiiiff  a  puritkatiou.  This  special  case  has  beeu  farther 
disc»!«e<)  by  Ftwleriek  P.  Slearus,  M.  Aiu.  Soc,  C.  E.  in  the  Special 
Re|>i>ii  of  the  M:is»aoh»s<>tt«  State  B.>anl  of  Health.  Part  I.,  aud  the 
nvttliT  i*  H>.HHii>lingly  rr-fern-d  to  that  diiM<ussitm  fo^  ailditioual  detail 
it!  reirtkrd  l«  it. 

Hefi»re  iimcluiUnff  th^  sobjivt  it  maw  however,  be  properlr  pointiNl 
out  ihM  thin  esample  is  not  quite  the  s.»iue  as  !h>'  prublrni  of  pnnfint- 
timi  of  a  riTiT  iv^llnteil  by  raw  sewAsjv.  as  disenssi'd  lir  Dr.  Sorby, 
We  haw  tn  thia  ca.-«*  mlher  an  in*.»mpb<te  rwHlnctioa  of  the  oifraiiic 
iuatt«r  lo  Ihe  Klati*  of  ni(ralt>s  ihriMt^h  the  opentaoa  ol  partial  nuil 
Altraliott.  au>)  pr\^'>ablv  in  "itch  radios  tbr  farther  ehsiii;«s  in  theaitro- 
Ci'ii  «iU  titko  pla>.v  lUi-oiti;h  the  influ«<«K<e  "f  planls  niher  than  au- 
nM)".  It  uiav  Ivi  p«>iiUi>l  o4il.  ravHr>pOT«>r.  that  uiiMttal  Bitrates  QgtuUy 
aef  iwt  KlitttiitautK  ivf  «u  HtxiiKtaut  Al^ntl  liftt. 


TVmv  i»  «t  |H%)M\tar  i»«prewii»m  tbst  i-re**  <jw!»»rt»tw  •*!  raloahle 
«iw>v  anrntalty  (^*  lv»  <h<v4\i  in  the  -  ■li*^  aad  towita, 

aMtl  ntneh  inct'^milv  ha«  Iwew  'N'  ,  >..  '^^— t-i^~  i->  stiUaB  At  na- 

kUTial  «4«HiHHtla  of  >Mit«m«<v     N  '  !h«  vanti«s  {Mut'C^  hMting  to- 

iMnI  Mfc'li  tt  I  tuw  tbti>  tM  Uv-n  -<nmiu<«l  frMK  »  ruamer- 

tiiA  fwiM  ot    '   .        .  a(,  hv>«;e\«-i  hAT\l  it  WMJ'  W  fc*  ihaw  w^  hate 

»i     -  tt«>  tff  th» 
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luuuuut  of  water  carrying  the  aewa°:e  aerves  at  once  to  einpbasize  the 
difficulties  of  the  problem.  Thus  the  average  of  total  dry  matter  in  a 
ton  of  sewage  from  an  ordinary  English  town  is  from  two  to  three 
pounds,  while  in  American  cities,  where  the  use  of  water  is  greater 
than  in  the  English  towns,  the  amount  is  much  less.  Professor  W.  K. 
Nichols  having  found  it  to  be  only  about  one  pound  per  ton  iu  the 
sewage  of  Boston  in  the  year  1872. 

The  following  table,  No,  12,  which  gives  tlie  mean  results  of  a  num- 
ber of  analyses,  will  serve  to  show  the  amount  of  matter  actually  pres- 
ent in  the  sewage  of  a  number  of  cities;  * 

Tablb  No.  13.— Conotttukhtb  of  Sbwags. 

Diuolrel  Suspended  Tottildij 
ranttflr.             ntftUer.  matter. 

tji»  Ihfc  Ban™  ".wmni l,n»  0,7t7  1.9» 

1 000  ItK  WomaitH' annsa 0  W7  0.4^  O.IHD 

«.l>iUlu'.  ttorHuMwauB l.STH  U.IW  l.BIM 

tMtUi*.  of  Hwig*.  ■'«)«*  ra  Bngliih  lowns 1.411  O.im  l.«tS 

Untaiilo 0.i'.n  O.'Oa  ».KH 

lwirii.iiiic I.IW  ■  O.TW  ].9H 

anui I.'IW  l.:lSl  S.fOi 

Of  the  fertilizing  matters  in  sewage  the  nitrogen  compounds  are  the 
most  important,  but  their  amount  is  very  small,  as  little  as  0.04  aiid 
0.06  pound  in  the  Worcester  and  Boston  sewage,  as  determined  by 
Professor  Nichols. 

Mosey  Value  of  Sewage. 

From  such  data  as  the  foregoing  it  has  been  estimated  that  the  sew- 
age of  English  cities  may  contain  from  oue  to  four  cents'  worth  of  fer- 
tilizing matter  per  ton,  while  a  ton  of  the  Boston  sewage  iw  indicated 
by  these  analyses  will  contain  say  one  cent's  worth  of  manure.  + 

The  conclusion  from  the  foregoing  ciirsory  examination  is  that  the 
valuable  constituents  of  sciwage  are  so  diluted  that  the  cost  of  extract- 
ing them  by  any  known  process  is,  on  the  whole,  equal  to,  or  in  some 
cases  even  greater  than  the  value  of  the  material  after  it  is  extracted. 


Fallacy  op  the  Akgument. 

The  argument  iis  to  the  fallacy  of  attempting  to  utilize  sewage  at  a 
commercial  profit  has  been  put  very  appropriately  by  a  number  of 
writers,  as,  for  instance.  Professor  Anderson,  who  says  it  would  be 

•  Storet'a  Agrionltnre,  vol.  ii ,  p.  'iV- 

4  For  divcnition  i>f  this  phaae  uf  t^<-  iiuuBllon  in  dttail  »w  paitur.  Svwi-nkjjc ;  S«iinge  ;  ^he  pol- 
htttoTi  of  Strnms ;  The  -Kt-Ur  napply  nf  towns,  in  (lie  4th  An.  Rept.  Man.  St.  BcL  Hetltli  (1872). 
Br  Ifiobola  and  Derby. 
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iiliout  lis  reasoimblu  to  uxpent  farmers  to  manurG  tlieir  laud  with  the 
HiRoke  of  cities  as  with  eewa;?e,  for,  as  everyone  knows,  enurniouK 
quiintitios  of  amnioniii  mnet  be  lost  in  the  ii^grref^ato  from  titifs  wLlti' 
domestic  fires  sire  fed  witli  soft  eoid.  But  pruciaely  iid  it  is  witli  smoke 
B(i  it  is  with  Beware ;  tliat  is  to  say,  the  Duid  is  so  very  dilute  that  it 
vaimot  be  put  to  use, 

JJjivid  Forbes,  also,  in  replying  to  ualt!uUtiona  based  upon  the  as- 
sumption that  the  excrement  of  each  inhabitant  of  a  city  represents  a 
valne  of  several  dollars  a  year,  ar^neJ  that  it  would  be  oqually  coiTOct 
to  uiaiiitiiiu  that  a  baiTt'l  of  water  into  which  a  bottli^  of  brandy  hud 
been  poured  would  be  worth  as  much  as  the  oi'itjiual  liniudy." 

Professor  Storer  cites,  also,  another  very  striking  illustration  of  a 
valuable  substance  so  diluted  as  not  to  be  worth  the  cost  of  collect 
intf;  The  city  of  Philadelphia  stands  on  an  extensive  bed  of  clay  wliicli 
ciintains  a  pound  of  j,'old  for  every  1,224,000  pounds  of  clay,  iind,  it 
jtppeai's  evident  that  this  bod  of  clav  contains,  within  the  corporiite  lim- 
its of  the  city,  at  least  $1,000,000,000  worth  of  <-old.  Except  as  a  mat- 
ter of  scientific  interest  no  one  has  ever  dreamed  of  extracting  goU'i 
tri>ni  this  Philadelphia  clay.  It  can  be  got,  with  infinitely  less  trouble, 
from  places  where  it  is  more  abnmhmt ;  and  in  (his,  as  in  everytliiup 
else,  the  cost  of  settinf;:  the  thiuir  depends  upon  the  amount  or  labor 
of  some  sort  that  must  be  expended.  It  is  precisely  so  with  sewage 
utilization,  and  the  sooner  a  clear  appi-eciution  of  this  fact  is  generally 
disseminated,  probably  the  fiotmer  will  the  question  of  sewage  puriti 
cation  be  platted  on  a  thoroughly  practical  basis.  At  the  present  time 
agriculturists  can  get  commereial  fertilizers  cheaper  than  the  mauurial 
elements  of  sewage  can  be  utilized,  and,  so  long  as  this  pi-oposition 
remains  tnie,  it  is  idle  to  talk  of- making  sewage  utilization,  except 
under  favorable  circumstances,  a  commercial  success.  For  a  presenta- 
tion of  the  mauurial  constituents  of  domestic  sewage  in  detail,  with 
theoretical  commercial  values,  sec  Chapter  Vlll.,  on  General  Data  of 
Sewage  Disposal. 


TuE  EioHT  Way  to  Approach  the  Problem. 

With  this  understanding,  the  problem  of  sewage  purification  is  nat- 
urally approached  from  a  different  point  of  view  from  what  it  would  be 
if  wi!  expected  to  realize  commercial  returns,  either  by  utilization  in 
broad  iiTigJition  or  by  the  sale  nf  a  manure  from  the  sludge,  resulting 
from  jirocesses  <>f  partial  chemical  purification.  Experience  abroiul 
has  apparently  settled  both  these  questions,  so  we  can  approach  tho 
subject  in  this  country  in  a  somewhat  more  rational  wav  than  hfut 
characterized  a  large  portion  of  the  early  disciissiou  abroad,  A  full 
•  Sl«m'a  Agticultun.  ml  it.  p-  iSH, 
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Uppreciatiou  of  tlm  lad,  on  the  part  nf  the  pulilic,  that  ordiuaiily  little 
com  mere  ill!  profit  can  be  reiilized  from  sfwu,g«  utiliziitioii,  ia  of  con- 
Biclerablt'  iiiiiiortiiiii'i.'  in  the  beginuiui;  of  sewji^o  piirifioatiou  proctisstB 
on  au  extended  sc-iiii,-  iu  this  couutry.  Such  fiiipreciation  enables  eaii- 
itarians  and  othei-u  interested  in  the  improvement  of  the  public  health 
lo  insist  npon  sewage  purifioution  as  a  rigrht  whicli  one  coninmuity  or 
individual  owes  to  another,  independent  of  the  question  of  commercial 
profit ;  it  further  prevents  the  failure  of  executed  projects  which  are 
sut'ceBsfiil  in  eft'ectiiig  a  purificatiou,  but  which  do  not  return  a  com- 
uiercial  profit  on  the  capital  invested;  again,  it  removes  the  motive 
for  liolstering  up  projects,  which,  while  inefficient  in  purification,  are 
etill  operated  at  a  commercial  profit ;  it  puta  the  whole  subject,  in 
short,  on  a  scientific  bawis,  in  which  the  health  of  communities  is 
placed  first,  and  questioua  relating  to  commercial  utilization  are  kept 
iu  the  biw-'kgronnd,  as  of  secondary  importance  only. 

In  advancing  the  foregoing  views  it  is  not  intended  to  assert  either 
that  bro;i.d  irrigation  mny  not  be  a  Huecesafiil  way  of  both  purifying 
and  utilizing  sewage  when  the  proper  conditions  iibtain,  or  that  the 
sladge  from  a  chemical  process  ia  not  worth  sometliiug  tor  manure.  It 
in  desired  merely  to  point  out  that  in  the  present  understanding  of 
things,  commercial  utilization  of  sewage  is,  so  far  as  this  couutry  is 
concerned,  properly  subordinate  to  the  more  important  (juestion  of 
thorough  purification. 

Moreover,  in  considering  this  phase  of  the  queation  of  sewage  puri- 
fication, we  should  not  lose  sight  of  the  fact  tliat,  independently  of 
the  manurial  ingredients  of  sewage,  it  has,  when  not  applied  in  too 
excessive  quiiutities,  a  distinct  value  for  purpose.s  of  inigation.  While, 
therefore,  the  preceding  propositions  are  fundamentally  true,  it  may 
lie  still  stated  that  many  cases  iitU  undoubtedly  arise  in  practice  iu 
which  broad  inigation  may  be  au  exceedingly  valuable  method  of 
sewfige  purification  ;  and  it  is  iu  this  hitter  view  that  the  subject  has 
been  discussed  at  length  iu  Chapters  XII.  and  XIII.,  following. 


Sewage  DisrosAL  Works  Not  Propeuly  SmjEfT  to  Franchise. 

As  a  corollary  to  the  foregoing,  it  may  be  concluded  that,  generally 
speaking,  sewage  disposal  works  are  not  properly  subject  to  franchise 
by  private  companies.  The  interests  tti  be  served  are  so  important, 
the  effect  of  neglecting  to  render  proper  service  bo  serious  and  far- 
ching,  that  the  commercial  spirit  should  be  absolutely  eliminated 
from  everything  relating  to  sewage  disposal.  Tlie  proldem  has  gen- 
erally been  regarded  in  this  light,  as  is  shown  by  the  fact  that  only  a  few 
mauicipalities,  mostly  small  ones,  have  granted  sewerage  fnuichiaBB, 
New  Orleans  being  the  only  large  city  which  has  takeu  such  action. 
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DlBPOS-U.  INTO  Tide-Wai"er. 

Again  it  may  be  further  iimnhided  that  where  the  conditions  clearly^ 
indicate  disposal  into  tide-water  as  tlie  rational  course  of  prot-edur 
there  is  no  valid  arpumeut  to  ho  uiged  against  siieh  diii  posit  ion.  Tli( 
view  of  twenty  years  afio  that  titriiiug  sewage  into  the  ot-eaii  was 
drain  upon  national  wealth  may  be  cousiderud  as  fairly  met  by  wha 
ha«  already  been  offered  in  reference  to  rost  of  utilization.  There  is 
moreover,  another  line  of  argument  substantia tiuy  the  same  concluBit 
from  an  entirely  different  point  of  view.  We  have  already  seen  thai 
when  the  amovint  of  sewage  per  unit  volume  of  water  is  not  too  InrgeC 
the  entoiuoatracan  cnistacea  multiply  in  enormous  numbers.  The 
Entoraostraca  are  further  the  favorite  food  of  the  trnruivorous  tisbes,' 
wnd  while  it  has  been  the  experience  in  Boston  harbor  and  elsewher 
that  too  much  sewage  per  unit  of  volume  drove  the  fish  away  from  tl 
vicinity  of  sewage  outfalls,  nevertheless  the  increase  in  Entomi>sIraca" 
and  their  utilization  for  food  of  fish  at  points  somewliat  removed  froui^ 
the  centers  of  sewage  pollution  may  be  considered  &  practical  utilize 
tion  of  sewage,  and  a  direct  return  therefrom  to  the  total  stock 
national  wealth.  To  secure  thipi  return  in  the  largest  degree,  it  is  8till_ 
essential  that  certain  general  principles  be  observed  in  relation  to  til 
quantity  and  (piality  of  the  sewage  discharge.  In  the  tirnt  place  th^ 
sewernge  system  should  be  so  de.signed  an  to  deliver  the  sewage  into 
tide-water  while  perfectly  fi'i'sh,  and  to  this  end  tidal  ilischarge  sewei 
ngo  systems  need  to  be  self  ■cleansing,  so  far  as  is  possible,  in  order 
reduce  sewage  putrefaction  to  a  minimum.  Again  the  discharge  at 
liny  given  pnint  should  be,  if  I'osHible,  relatively  small.  Any  tendency 
to  the  production  of  either  au  rlHuviuni  imisaiice  or  of  a  foul  iM'ach  liu* 
may  be  taken  as  evidence  that  the  limit  of  quantity  at  any  given  poii 
has  been  exceeded.  We  arrive,  therefore,  at  the  conclusion  that  fo? 
practical  utilization  of  wewage  as  food  for  fish,  the  conceutrution  of 
large  quantities  of  sewage  and  the  discharge  of  the  same  into  tidfl 
water  at  the  single  point  is,  generally  -■speaking,  undesirable.  By  dia 
charging  the  sewage  at  a  number  of  points,  each  far  enough  remove 
from  the  other  to  insure  the  proper  dilution  which  has  been  pointed 
out  by  Dr.  Sorby  and  others  as  necesHary  for  the  development  of  the 
muxinmm  quantity  of  minute  animal  life,  the  best  results  will  ho 
Bficured. 

Diai-OKAI.  INTO  FUK«H  'WaTEB. 

The  same  nmclusian  hcdds  good  wIk-ti  for  any  reason  it  may  bo  con- 
sidered either  necessary  or  dcsiralile  to  discharge  Iiirtre  <tuautities 

■Hce  blio  Vkfion*  ItcpnrUoI  the  LtniLod  Slat»  Piih  Cununiuluu. 
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sewage  into  bodios  of  fresli  water.'    The  correct  principle  governing 
8ucb  discharge  has  been  rccuguized  by  the  Milwaukee  Special  Com 
mission,  iii)pointed  "  to  prepare  and  preseut  plans  and  estimates  for  the 
completion  of  works  for  the  collection  and  final  ilisposiil  of  the  sewage 
of  the  city,  and  for  the  permanent  location  of  the  intake  for  the  water 

*  In  thiA  countrj'  the  moal  impoi'tnnt  atvidies  iliiia  f;ir  made  of  the  rohitiun  iif  liie  itiinule  hfe  in 
water  (i>  lish  Vili;  an  tliiine  ■•f  Pc(jft!?>oi  H,  A.  Ku;bus.  oE  tho  lUinuii)  SuAi  Lab.  uf  Nat.  Histor;. 
BugiiiniDi  in-lsT",  ProfuBsur  Purbe*  has  imblwhed  m  the  BnUetin  of  Ibe  L«botfttocy  to  Jale  Ui9 

IHThpFoorlof  ItlinoisPishM,  vol.  i.,  No,  2.  pp   Tl-'*!». 
fj)  The  Fiml  of  Fiihe*.  So.  :l,  pp,  IJS-liS. 
rl)  On  till'  rimd  nf  Vorinp  Finhi-s.  No,  ^!,  pp.  lill-r.l, 
(t)  Tht.  F.ii.-i  ot  UiB  Sn.alWr  Kre«h  W^iti^r  Fi-lius.  No.  II,  pp.  fhViH. 
1^1  The  Firi't  Fimi]  of  'hp  rnmmon  Whit."  Ki-li,  Nij  il,  pp.  W-ICIi. 
(«l  Stii'liei  of  111?  Fnori  of  PceKh  Water  H'isllc^,  vol.  ii..  urt.  ni.,  pp.  433-1711, 
\'t  On  the  t'lHjil  lEeEiLttoii4  of  t'rv^h  WatLT  Fishva:  a  Siitnmaiy  nm)  DixpuuIod.  art.  vili,,  pp^ 
4T<-5:18. 

In  tbcav  «erer«l  papers  Profotsor  Forbcbhiu  diHau>auil  nearly  every  pbawof  t'.ie  qiiestiun  of  fonil 
ferfifthe«>  and  pointed  out  in  mAoy  ouea  the  «p<T^itic  food  of  dirTvicnt  «pi^'ie8  of  hah. 

The  fp'eai  cuoiiornju  value  uf  the  Eritomoi^inu^a  in  ntiori^ly  liiiiii^bt  out  in  thetc  paptnt.  And  e«- 
peoiallf  a£  foti.i  for  yoiiuj;  tiab.  lu  tne  paper  on  The  h\nt  Food  of  the  Commun  White  FiKh,  an 
aoooont  ih  gjven  of  the  result  of  oxarniiiin^  the  jitomnoh  cuntoatii  of  over  lOO  youn^  Abb.  After 
giving  the  data  derived  from  those  ri  iminntion-  in  detail.  Profeanur  Forbei  aayi  :— 

*  *  *  We  are  oojii|H!lleLl  to  coueliide  that  ihe  earliest  foud  of  the  white  tinh  coaaiat«  almont 
wholly  of  the  •msller  sp'ci.'n  of  Entmin-lraea  (Kjiiurrmg  in  the  lake,  »inee  the  uHi«r  elemeuts  in 
thrtr  ulitneiitary  cacinU  were  evldeittly  either  taken  acL-iden tally,  or  else  u[ki>eared  in  Bueh  t.nvial 
qimubity  lu  to  contrihute  uuthiu^  of  importitnc^c  to  their  support. 

In  (he  paper  on  The  Fou  1  of  the  Smaller  Freab  Wattr  FitheH  it  ui  further  shown  that  the  ohisf 
food  o(  the  young  of  the  family  Cyptinida?  {popularly  miniiowa]  wldeh  emlitaeea  by  far  the  larger 
part  of  tiie  aruaUer  Hahea,  in  compo&cd  of  ^uch  Fegetai>le  clemeutN  aa  hlameutEi  of  Spirvijj/ni  and 
other  lilam'^rjtoEin  algie.  cells  of  VuMmn-utm  and  Clotici'lum  among  the  deamiila,  together  with 
Cyiiftioiflf*tr^  and  other  diutojn«  Among  repreaentatitea  of  the  animal  kingdom  JHugUntt  waa 
fotind  to  iK  an  important  item,  aa  wa.s  al»o  Boamina,  an  Entoiruwtracan, 

BamnuuixiDg  the  food  oC  the  youtig  uf  this  family.  Profesmr  FurboA  uyi : 

*  •  *  we  may  uoiieliide  that  the  yoing  Cvpriniila;  drnw  almost  indimriminatcly  tor  their 
food  nuiiply  ii|rfm  Protoirtui.  ,\lk^:<\  and  I'iUtomofttVaca. 

Tb^  nah  frf  the  fanidv  (.,'vprinidre  are  of  ei.'trLoniie  iiiterent  heeanae  of  fiirnjabing  an  important 
pIkTt  of  the  fooil  nnpply  of  larger  i^inejea. 

No.  (7)  of  the  foT,'gnin;f  lut  in  thif  eouciuding  numlHT  of  the  ^riea  of  papers  on  the  firitd  of  fiah 
and  in  it  Prifenor  Forbes  hai  preaentcd  ■  numliei  of  biL'hh'  iminrtant  facta  ami  uonuluHions  ot 
intereal  in  the  preaent  dJACuasion.  aa  for  inAtanee  a  statement  in  detail  of  the  pcToenta^e  of  the 
Tariima  minute  plants  and  animala  found  in  the  fo4-»iI  of  difTirent  flpeoiea  of  yoting  Ziah,  Thus,  the 
food  of  yriun^  pereji  CiiniJHtii  of  '^*  per  cent,  of  Entomo^tracH,  while  the  food  of  young  baaa.  aun- 
ftafkr^  and  jiioker-;!  **ni*isU  of  from  .VI  to  70  per  cent,  of  Enlo.Tiofllraca. 

YoiiDK  aueker*  prefer  a  diet  of  EJntomoBtraaa,  Rotifera,  lufuaoria,  and  unioellular  Algn,  while 
yTiiin^  iratltaii  Apj>:i£e:itly  iline  only  on  hintr-iinoatraca  and  Chironotana  larvn. 

Bei^jpitutatin^r.  Piofeasor  Fiirbea  aayn  : 

I  lind  that,  lakiuK  together  the  youn^t  of  all  the  genera  atudied,  connidering  each  gcQua  as  a  nnit, 
add  eiimbtrdufr  the  minute  diptcmns  larvie  with  the  Fntoiuoatraca  as  having  eaaeutially  the  aame 
nIatioD.  about  levruty-tive  jicr  cent,  of  the  Cood  taken  by  youug  fisbea  of  ^  deauriptions  i>  made 
Dp  of  theae  i^leTnents. 

The  umoluaiona  of  Ibin  paper  are  bnncd  npon  a  atudy  of  1,'i^I  fishes  obtained  from  the  waten  of 
lllinoi-  at  iotervnl.  from  l'<7il  to  IfvST,  and  in  various  niontba  from  April  Co  November;  they  repit- 
arated  rlghty-aeven  apeeiea,  aixty^  three  genera  and  twenty-five  families,  A  detailed  recapitulation 
flf  data  showing  the  numljer  of  eiuinptes  of  oaoh  apuoies  of  liah  in  whioti  a  giteu  food  element  waa 
livtiFcted.  appears  at  the  end  of  the  paper. 
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Bnpijly  of  the  city."  In  the  report  Ftul*mitteil  to  the  Mayor  and  C'oiu 
inis.sioner.-<  of  Public  Dolit  in  188!>,  this  couiiuission  presented  pluiis 
providing  f(ir  thf  discharg'e  of  tlie  sewa^fe  of  the  t-ity  iiitu  Lake  Miohi- 
g-an,  :it  a  hir^e  numlier  of  different  points,  ini^tead  of  one,  and  while  iho 
reasons  imsi^iied  in  the  report  for  this  arrnngeinent  are  not  entirely 
Nitisfactory  from  the  [iresent  point  of  view,  tliey  may  m-verlheless  Im 
eousidered  sulHiient  for  the  pai'ticnlar  case.   The  Conimifi«iiiners8Hy:' 

Ai  lli^  lake  cii'1  ill  lliH  iiiiIfiLll  M.-n>-i .  Ik  toiiiiitml  liii-^iii  is  tn  1)«  Imiit.  From  iIiIh 
Ixksiii.  Iw«  iron  pi|ies  eooli  Ifli  implies  in  iliuiut-ler.  luc  to  (liHclmrge  llie  »en:i^  iiit'> 
the  liikp. 

Tii'-nc  [itpes  ore  to  he  ii(  siilSi'ioiit  rajMU'ilJ  lo  (.'uri'v  nil  cif  lli^  ilrr  wi-aUirr  lienagp, 
nnd  n  |H)i-tioii  of  tilt-  ^I'lnu  wuli'i'.     Tlie  l<iv~iii  in  ■■'  \t'<  so  iti'iftn(;i-d  tliat  iLe  Kiir]ilUB 
o(  atuj  lu  niiU-r  ia  (liacLm ged  over  a  •avh,  diiecllv  iiilo  llii^  luku. 
<•  «*«  *  «* 

III  onlor  to  ililiste  the  sewiige  lo  a  liigh  ilpuree  in  tlie  shorlcst  pnasiMe  liju">,  iiiiil 
thus  iirtiiiioli!  iIiD  lapiil  oxiilutioii  of  the  orKiiiiii.'  iiiallt'i'  i'i>ntiiiuei1  iii  it,  llii'  ilis- 
cluiriK  fiiiiu  the  JXi-iiich  pipe  is  to  li''  tlii"i>iiKh  eicvcii  brniicb  fontipctioiis,  plncnil 
nboiit  tiiiee  hiimlreil  (pet  ii]art ;  tlio  flint  ilist-liaijre  luant'h  Imshj;  pbcpii  olimit 
three  thon-wiitl  f'fl  (roin  Kiiiiii-.  The  lii'uuclics  iti-e  i<i  ii<;  IT  iiti-lift  diuiiii-trr.  mid 
rodiiL'til,  at  the  points  of  diM-harp?,  tliiit  tlip  siiiiip  (judiilitv  i.>l  *e»ii(;e  will  [»■ 
delivi-reil  lis-  ^^ui-li  liiiiiiph.  Tiie  siki-  of  the  main  pijMjs  is  lo  he  liilllilli^hl-d.  ufltr 
pussiii;^  eui'h  hinricli.  so  thut  the  velucit;  of  flow  uiiiy  ho  imiintuined  ahoiil  ilu-  xuuir 
tfaroiiiflioiit  lEie  entire  leiifcth. 

Thi-  hiiiDehes  are  lo  l>e  plsu-«^l  in  >  verlical  iMuiilioD,  diftchmtni'K  about  five  feet 
abovp  tlie  bottom  of  Uie  lake.  kdiI  to  be  aecnred  in  Iheii'  pueirioa  bj  piles,  or  rip- 
lAp  SUine. 

For  »  distftdce  of  1,000  feel  from  ita  outer  end,   the  lutiiti  pi|«  is  to  be  liild  on 

piles,  so  as  to  liiiiiK  llie  dixchaiKe  ubimt 
6  (eel  bI<i>Vc  the  boltolii  <i[  the  luke. 
Any  ruud  delritnR.  or  other  uinleriaj 
that  mar  ui  l,nifc  intervals  nci^niiiiilaie 
at  (he  mouth  o(  the  pii«^  eon  In*  la. 
tnored  bv  (linedging. 

Fip.  4,  from  the  Com  mission's 
Report,  illiistratea  the  proposed 
nietliod  of  discharge. 

The  qnestiou  of  prueticiil  util- 
ization of  sewiiye  as  food  for  tish 
has  also  recently  I'eceived  i:»usid- 
erulilf  attention  in  Eii^flaud,  anda 
nniulier  of  inti  resting:  and  vhIh- 
ablr  conclusions  have  (►een  draun. 
In  the  .I'p-iitilhiriif  dazxHr^  fiir 
J.  B.  Lawes,  of  BothuntHted.  din- 
en  hsi^s  the  Kiibjcet  111  h'ntrth.f  and 
cites  a  number  of  fiicts,  the  real  sifnufieanee  of  which  Una  not.  so  far 
as  the  authors  are  aware,  been  previously  clearly  |>oLnted  out. 

*  Reforc  of  ihe  Commtwon  of  Kn^nHn  an  Lhr  l%il1*cllun  mil  Final  niipoal  of  Ui*  Stwmgt 
■nd  on  the  Wntei  :>u|>plf.  ot  the  Cilv  of  Uiltuiiko.  iw^ 

tSwCoIonel  Wu.ug'a(icwcii«B>n<l  L«iu)  Dninag^  pp.  SSUltC;,  lut<ui  uUmM  vilr^A. 
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Fig.  4.— pROi^sEn  Mi-i.tiflk  niBciiARnB 
OcTLET  Shwek  at  Mii.w.m-kki:,  Wifi. 
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Dr.  Sorby's  reaults  iu  relation  to  the  uumhrr  of  entomuHtracu  iu 
I  rivers,  apply  entirely  to  (rosh-watiT  forms,  but  the  umriuB  eutomos- 
[traca  are  ijiiite  as  numerous  as  tli«  freuli  water,'  ami  we  may  assume 
that  wLat  is  true  of  tho  one  iu  equally  true  ul'  tlii.'  other. 


The  LEumMATE  Conclusiok.. 


The  minute  fc 


if, 


lal  life 


tllU!- 


toll 


rfiil  aeents 


torms ' 

itit-atiim  of  snwage-poUutoil  watei-H,  but  thi!  tonclusiou 

which  has  bet-n  ilriiwu  that,  tht'rofore,  b<3w  age -poll  uteil  streams  are, 

after  a  few  miles'  How,  fittt-il  tbriing'li   the  iictiou  of  aueli  anil  other 

natural  agencies  for  iliinking;,  is  not  wholly  jiistilioJ  by  the  prestsnt 

|Btate  of  knowledge  of  the  subject  as  a  whole. 

Jong  with  our  Icnowleilgo  of  the  purifying  nt-tion  of  the  minute 
lals  ami  plauls  has  grown  up  a  more  ilutinite  knowledge  of  the 
[causation  of  typhoid  fever,  cholera,  anil  the  other  water-borne  rom- 
niunicable  dise;iHes:  and  before  it  ean  be  positively  altirmod  that  a 
ee wage- polluted  stream  iw  safe  for  drinking  after  a  few  miles'  ilo«',  it 
must  be  shown  sn  definitely  as  to  be  beyond  question  by  those  whose 
epeeial  studies  have  fitted  them   for  intelligent   judgment,  that  the 
Ipurifyiug  agencies  have  praetically  eliniin.ited  the  germs  of  the  water- 
borne  communicaHe  diseases-      fntil  such  showing  is  clearly  made, 
•  the  proposition  that  crude  sewage  ought  not  to  be  turned  into  running 
streams,  ponds,  lakes,  or  other  bodies  of  water,  which  either  are.  or 
may  tie,  the  sources  of  water-supplies,  must  be  considered  as  hohUng 
good. 


I 


TiiE  Rational  View  of  Disposal  into  Tide-Water. 

We  may  conclude  from  this  brief  discussion  that  the  question  of 
rational  disposal  of  sewage  in  tide-water  is  not  nidy  transcendoutly 
important  to  the  many  large  cities  on  the  sfaboard,  but  that  its  mag- 
nitude is  such  as  to  render  it  difficult  to  reacli  a  suecessful  solution 
exeopt  by  studies  of  wide  range.  An  investigation  by  tlie  General 
Government  might  therefore  be  appropriate,  by  reason  of  its  involving 
the  broad  question  of  national  waste  vereus  ultimate  economic  consor- 

■8m  [I)  BaiH'ii  BriClih  EnMmotrnCB. 

(2)  Dmiii''  frustsi'i*  of  thi-  Wilki-s  EiiJciring  Ripeclition. 
tSJ  Ri-pnrt^t  of  th''  United  Stntos  Fi«b  romniiHsiotl, 

(4|  Ciit4!i>i:u'  or  the  Sprdiment  of  Amphipodou*  Cruataaa  in  the  CollMtitm  of  the  Britiftli 
.Miiin-uni, 
HrmHy'i  tA)  Itritinh  Ouenntc  EritomnRtr&iu;  {U]  VofiepodtottheChailtagciKxpeditloai 

Hid  (<')  OsTrnumlu  of  the  Oluilli-iiuef  E^psditinn. 
Drnok^'  ^tomato Tin i1a  of  the  nimlleri^er  E^pU'lition, 

^AT*',  Ink  L^(lnmi:eA  of  the  ClinUoni^eT  Exp-'<Mi'tn  ;  (b)  PJiyltooridft  of  tb«  CUsllebgor 
Bip(.-dition  ;  and  (c)  Scliiiupodit  of  tlie  OhalletiEBr  Expcditiuii. 
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viition.*     As  the  mattfr  HtiiudB,  it  may  lie  aswcrteil  tliiit  tliere  «re  ub: 
liitoly  no  ilet;iil«il  data  proving  that  sewage  dinposal  in  tide-water, 
miller  proper  i-omlitious,  is  iu  any  way  a  wttste  of  niw  luaterial. 

In  regiuJ  to  pwrifiuation  of  sewage  by  intermittent  tiltratiou, 
Hui'li  manner  as  to  fonvt'rt  the  hulk  of  the  organie  matter  into  .soluble 
mineral  nitrates,  we  are  equally  unable  to  attirni  that  there  is  here,  in 
any  sense,  a  waste  of  raw  material.  The  nitrates,  when  flowing  into 
streams,  become  the  chief  nourishment  of  an  abundant  eryptogamic 
life,  which  is  agaiu  devourod  by  sponges,  rhizopods.  infusoria,  and 
otiier  Protozoa.f 

Protozoa  again,  with  a  certain  portion  of  the  Cryptogams,  are  eatei 
by  higher  minute  forms,  until  iii  the  univei-sal  round  we  may  tinally 
find  our  sewage  xitilized  by  an  increase  in  the  piseatoriiil  life  of  the 
fresh  water  inland  streams.  Moreovor.it  mutit  be  urged  that  the  mere 
fact  of  our  present  inability  to  control  these  cycles  is  no  argument 
against  the  truth  of  the  view  here  advanced  ;  such  inability  can  only 
taken  as  merely  indicating  the  dearth  of  definite  data  iu  this  direi^ 
tion. 


H.V 

he 

ere 

ent 

be 


"  SiR'h  a  study  wouW  Beem  to  be  in  line  with  the  work  of  the  Pinh  OommiMion.  and  ooiild  1»* 
nind^  li.v  it  wLtUout  grtat  oxpemio. 

t  In  refflrence  tci  the  fund  aupplie*  of  the  Protozoa  and  clnaBefl  inmiediately  highfr  in  the  Bcak, 
it  mity  Ihi  Hikid:  f  U  thnl  the  chief  food  of  freflh-wjit^T  Rpon^  iv  Urgoly  miniito  «pireH  of  ulgir^ 
tlioiiffh  the  aporiKtf  wlien  gniwinn,  atttifa'Tl  to  a  fixeii  place,  cannot  Iw  conpldtrwl  ft"  having  imioh 
powi^r  of  Kteetiun,  And  may,  th^ToforCn  at  times,  take  into  its  nrgtmi£ation  animal  foodi  alho.  It 
apparently  rcfc^ive^  and  di^etta  anytliing  which  the  flowing  waters  in  whi<;h  it  in  niually  Cimsd 
may  briDy  lo  it.  The  priwf  that  jvlga:  may  be  i:ouaidertd  the  uhief  fowl  l»  derived  firom  the  fact 
tliat  epnngf!  api^r^'ntlv  prefers  locaht]<j4  where  algx  EiporoA  aie  inoie  abundant  than  infi^Boria-  {'d) 
Rhi/ojx}dH.  Aooorrtin^  tt^  Pri]f^:«iior  Jjt'idy,  chiefly  devour  de^midii,  diatom^^  and  other  mlnnte  a)e»  i 
uiiJ  many  of  tbuelei^j^nt  ilhi>trutianaiii  hih  Fresh -Wattjr  Rhizo|joda  of  North  Amerioa  show  the  htUn 
AOLniala  in  the  very  at^t  of  insetting  th^-  varioue  forma  of  p1ant»<  which  they  apE>arently  prctcr.  Tbe 
reciiTreT>ce  of  eKnmpli^s  of  th't*  chsTactr^r  leadi  ti>  the  cimelujion  that  the  rhiEopcida,  unlike  the 
apongti,  have  aume  power  of  selection  and  are  able  to  exurci&e  a  de^ee  of  piefen-nue.  (3^  Theiafti' 
■oiiH.  prolnlily.  take  whbteveT  comen  in  their  way  ;  the  motloiiK  of  the  flKgvllaand  cilia  oEthc  djffer- 
ent  elaasvn  net  the  water  in  the  vicinity  *it  «ich  individual  jn  motion,  and  whatever  ■■  within  reach. 
and  not  of  too  targ'^  a  niie  to  enter  the  oral  aperture,  in  receiveil,  digrnted.  and  the  refuse  excreted 
the  «imc  aa  with  other  animale.  ^me  ■pecipfl.  apparently,  prefer  decaying  animal  matter  iPara-- 
tHfcinm,  CotrpM.  etc.u  and  are  tia»allv  found  in  vimC  qnantitica  wherever  auch  d«ay  i*  teldDg 
place.  Others  iTi''iiftf/iitTft.  etc. ),  ate  fctund  atimng  vegetable  debris,  hlaments  of  douajin^ 
algie,  rtt  Ab  with  sponge  anrl  rhiiopodF*.  nlgn-  sporen  are  probably  a  latije  pnrtion  of  the  food  of 
(he  infnsoria.  (4)  In  the  nent  highr^r  claim  of  amn^ali  we  find  hydra,  which  U  eucntially  ■  <mr- 
nivoroo*  fe*der,  worms  entomofltracn,  und  other  antma^a,  falling  au  vtiay  prey  wberi«vcr  they 
rcQMire  within  reach  uf  iin  moving  tv^ntaclettr  f^l  Pnly^oa  feed  nioatly  on  [le&midp.  cUj,,  with 
decayed  vegetable  mntler,  and  have  a  finger,  or  tongue-like  organ,  ^tretchirtg  over  the  tncoth. 
whieb  enablen  them  to  cTeroiiie  some  ftelection  of  the  fond  ei^min^  within  reach.  They  Mm*- 
timea  dine  on  rotifcrH,  (ft|  Uotjri:rB  are  tike  infumiria,  in  that  the  nitatin^  iippanttns,  from  whirh 
they  derive  their  name,  in  in  npid  rnotJon  when  feeding,  iiud  bringa  into  the  iini^ciona  mouths 
character jzing  nmfit  of  the  ftpeoiei — whatever  happens  to  l>e  in  the  vicinity,  althon^lt  »mc  ]iows 
of  selection  may  be  observed.  The  htciatnre  nf  the  firad'Aup]>lh«  of  tlii?  mirinto  animala  is  atitl 
ooniparatively  scarce.  The  ehucflifieat^try  tendeneies  of  nearly  all  the  wti^erB  on  thip  branch  of 
loology  has  thus  far  nuj*<tly  ob«eiired  the  biologiiral  aide  of  Ihe  >tibject.  and  witti  the  bioadcr  viawa 
of  the  ptdseat  day  w<  incut,  to  aomeeitent«  tnverve  ground  already  gone  ovcf,  in  order  to  auppl/ 
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III  tlio  disfussioiis  iif  this  question  wliicli  htive  taken  jiiiice  iii  Eug- 
iarul,  it  liuf-  been  asseiteil*  Hi«t  the  jir£;iimt'iit  in  refi^rern'e  t<i  im-re;ise 
JKiil  'lecreaso  of  fisli  by  reason  of  either  sKdieieucy  or  insurticieiipv  of 
fooil  nnp|)ly  is  not  viilid,  because  "  ]irobtibly  nil  the  grfiit  sea  tislieries 
we  itiexhiiustibb\"  In  refereuce  thi'reto  it  is  answered  that  tweiitj' 
years  a^n  it  was  jjeiierally  held  in  this  ciumtrv  that  the  Imftalo  of  the 
Western  phiina  were  iijL'xhiuititilile,  and  to  any  one,  who,  travei-sinn  tlie 
plains  at  that  period,  saw  the  immense  herds,  it  did  appear  pluusiblii 
to  say  thiit  no  effoi'ts  which  man  fouhl  maki'  wonhl  have  any  sperial 
efl'eet  npon  sndi  counth'ss  numljiTs.  Nevertheless  there  are  tu-day 
Ipas  than  1,1100  buffalo  within  the  limits  of  the  United  States,  and  this 
extnujrdinary  extermination  has  all  oecnrred  in  20  years.  Attain 
sixty  years  ajjo  it  wjis  not  unnsnal  to  tlnd  hirj^e  sehools  of  whales  just 
outside  New  York  and  Boston  harbors,  and  many  sueci^ssful  wlialin^ 
voyages  were  made  to  portions  of  the  sea  where  now  whales  are 
scareely  ever  seen.  A^^ain  the  rapid  exhaustion  of  oyster  beds  is  within 
the  experienee  of  everyone  ensfased  in  the  oyster  tishery.  Many  other 
similar  illustrative  examples  oould  be  cited,  but  the  foreg^oing  is  eon- 
siderpd  sufficient  to  indii-ate  that  it  is  i|uite  possible  to  conceive  of  a 
great  ocean  tishinfr  interest  eitlier  seriously  injured  or  even  actually 
driven  to  other  lo<  alitii-s  by  systematic  t-atchins'  in  excess  of  the  nat- 
ural increase  ;  and  that  this  has  frequently  happened  in  inland  rivers 
and  lakes  is  attested  by  the  presence  on  the  statute  books  of  every  State 
j>l  protective  laws.  We  may,  therefore,  fairly  conclude  that  anything 
lich  tends  to  increase  the  food  supply  of  tish  must  bo  lookeil  ujion 
;  assisting  in  couscrviug  the  fisheries,  through  the  operation  of  the 
natural  law  that  sufficiency  of  food  supply  is  one  of  the  forces  accele- 
rating natural  increase. 


iiUtl*<riHl  ileficiencieq  in  the  infrirniutiori.  Thi^  following  wotk^  may  be  ooimnlted  for  hibti 
m«i«lr  :  it  cumpl'-tr  lyBLi^inaf.ic  Iroatisc  htlll  f^maini  to  be  written  : 

tUiril,  Jlritish  Entomo^traca. 

r«riw^TiC«T.  Thp  MJcioHbjopu  and  its  ReveliLtioiu. 

Oooke^  PoiicJb  aud  Ditt^heF. 

l>OMie.  ]^vi?n[n|{«  with  the  Micro%oope- 

Hprru-k.  Cruitucpn  cjf  Miniienolm 

Hi)  iH"«  Biil  <?UB«e,  Till'  Rohifen  nr  Wheel  Animaloule*. 

Kent.  Mnncml  iif  the  Infiisorra, 

Li-iily.  Fie>li  Wnt-'t  BhimpniJii  of  North  Ameri™, 

Report  cif  ComTni^niancn  on  tDvtitigation  of  the  Water-Supply  of  the  oity  of  BofftOD  (188S.) 

Sliuk.  MarrelK  of  Foiiil  Life. 

Tsvlor,  TJie  Altitiriniii. 

Ticmuiin  and  Gftrtner,  [Tntersitehotig  den  Wubctb,  etc;. 

In  niliUtion.  tbe  vnrioiii  joiimaJit  of  Miunmcopy  and  Za61ogy  oontain  notes  Hid  obwrTfttioni  of 
fzuvie  or  lens  iDtcrcnt, 

•CorfiEld,  TreittmenlindDtJliMtiocioISDirugo,  3d«iL.  pp.  30S-306. 


CHAPTER  V. 


THE  COMPOSITION  OF  SEWAGE  MUDS. 


The  CoNiinioNS  FAvomiiLii  in  Skdlmentation. 


The  fnct  thiit  a  tstreiim  wljifli  is  visibly  polhitcil  iit  olc  |iiiiiit  mii 
clear  aiul  liiupid  uul\  n,  fi'W  miles  liflow  is  pirjlmljlv  williin  Uii'  i-xji 
rienee  of  every  persou  who  bus  paid  any  dtti-iitinii  to  tlio  pollutiou  u 
self-puriticiitiou  of  strejiiiis.     Widely  viiryiug  opiritoiis  Imvo  been  ■ 
pressed  an  to  the  fate  of  the  polluting  miitlrr,  wliii-h.  tu  thi-  HOiiiil 
sensnH,  itppcai's  to  have  beeu  removed  friiiu  the  flowing;  wtittT.     ( )ti  tl 
oue  himd,  it  Lius  been  claimed  tliitt  jui  iihsoliite  di'Mtriietioii.  Lhvoiitrl 
tho  iictiou  of  either  oxidittioii  or  of  purely  biological  forces,  htis  takeL 
place,  while,  ou  the  other,  it  is  iwwrted  that  the  apparent   purity  <it 
the  HowiLg  water  is  due  entirely  to  swdiiuentution,  necontiiiic  to  whi 
the  organic  matter  may  still  be  found  in  a  nearly  um-lmn^ud  form 
the  bottom.     Probably  the  real  trutli  i«  th:it  nil  these  weverai   luethm' 
of  self-purifiealion  may  be  operative  in  diifereut  streams, altlioii^-li  uii- 
iloubtedly  Kodimentation  is.  where  the  conditicius  are  favorable,  tikel 
to  be  a  leadinprcause.     Relative  to  the  conditions  favorable  for  sedi- 
mentation, they  may  be  stated  in  a  few  words  (feuerally  as  produced  by 
the  presence  in  the  water  of  some  subslance  which  natiinilly  tends 
assist  sedimentation.     For  instance,  a  stream  earryiup  a  eonHiderab 
(juantity  of  clay  in  suspension  is  likely  to  free  itself  of  sewage  by  st 
inientation  more  quickly  than  tme  in  which  the  water  isi,  under  nomial 
conditions,  entirely  her-  of  e;irthy  matter  in  suspension.     In  ii  streii 
where  the  conditions  are  unfavorable  for  rapid  sedimentation  wu  i 
expect  to  find  of  niore  importance  the  purifying  clfect  of  Kueli   niinii 
animals  as  actually  consume  in  tlicir  life  processes  a  portion  of  tht^ 
polluting  matter ;  while,  in  a  rapid  flowing  stream,  where  tbo  wnt 
tumbles  over  falls  and  cascades  and  llnws  down  rapids,  there  iniiy 
a  considi'rable  degree  of  self-purification  through  the  operaliou  of  tl 
chemieal  process  of  oxidation  purely.     Theself-pnrificatifm  of  a  streii 
may  be  effected,  thpu,  by  either  meehaniciil.  biological,  or  cliemie 
agencies,  or!  ly  all  of  them  acting  in  eonjnnetion.  and  to  which  toascri 
the  self  punfieaiion  in  anv  cas^e  can  only  be  detevniined  by  a  ean-l 
study  of  the  attendant  circumstances.     For  pifscnt  puri^oscs  we  w 
consider  the  case  of  a  stream  in  which  an  apparent  self-purilicati 
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from  Bewagft  iuHow  is  obtaiiieil  witliiii  ii  short  distance  thiougli  the 

action  of  8e(liLii.!utatiou.     lu  doing  this  we  will  not  concern  ourselves 

as  to  jnat  whiit  ugency  is  efl'uctive  in  producing  sedimentation,  but  will 

merely  assume  such  rapid  iiction  tbsit  ii  stream  of  moderate  volume  in 

I  ortliuary  stages  frees  itself  of  the  visible  evidence  of  a  gross  sewage 

pollution  in  the  courso  of  a  sluggish  flow  of  a  few  miles,     We  will 

forthor  assume  tliat  tlie  mean  Houd  How  of  the  stream  is  at  least  100  to 

1 200  times  tlie  ordinary  flow  at  the  season  of  low  water,  from  which  it 

resnlts  that  the  velocity  through  a  given  cross- sect  ion  will  be  from 

10,1  to  200  times  as  great  iii  ilood  tiow  as  in  low  water.    XJmler  these 

conditions,  it  is  clear  that  the  deposited  matter  of  a  long  period  ol  low 

water  may  be  swept  along  for  an  indefinite  distance  by  the  first  flood 

How.  and.  if  we  as.-jume,  an  we  safely  may,  that  tlie  organic  matter  of 

the  deposited  sewage  has  ondergoue  little  chungc,  it  follows  that  water 

supplieii  taken  from  tlio  stream  many  miles  below  will  be,  in  times  uf 

jflootl,  us  thoroughly  subject  to  the  deleterioT;8  influence  of  the  sewage 

'  dischiirge  as  though  water  were  diuwn  from  that  reach  of  the  stream 

^in  which  the  most  of  the  sedimentation  takes  place,*    To  appreciate 

the  impovtiUice  of  this  conclusion,  we  have  only  to  consider  that,  in 

fflashy  mountaiji  streams,  the  ac.ciimulated  deposits  of  months  may  be 

swept  along  for  many  miles  in  a  day. 

Macadam's  Study  op  the  Water  op  the  Leith, 

Considering  the  impoi-tancu  of  this  phase  of  tho  self- purification  of 
I  ruDuing  streaius  comparatively  few  detailed  studies  have  been  made, 
I  but  the  few  fully  substiintiate  the  view  that  sewage  sediments  retain 
their  dangerous  character  for  lung  periods  of  time. 

Of  such  stuiiies,  oue  of  the  tirst  is  that  of  the  water  of  Leith  made 
by  Macailam  in  1864,  and  given  at  length  in  the  Third  lleport  of  the 
Sewage  of  Towns  f'ommission.l 

The  JjoitL  is  a  comparatively  small  stream,  which,  at  the  time  of 
Macaibim's  report,  received  the  sewage  of  about  100,000  people  in  the 

iueigliboriug  towns  of  Edinburgh  and  Leith.  'ITie  accumulation  of  the 
vediiueut  of  this  sewage  in  the  mill  dam  luid  pools  of  the  stream  :ind 
in  the  harbor  of  Leith,  had  led  to  the  production  of  a  most  disgusting 
linisjince.  In  many  places  the  banks  of  sewage  mud  were  seversd  feet 
in  depth,  and  aualyses  of  samples  from  diifei'ent  pai-ta  of  the  stream 
*Pc]T  •)i*Riiasinn  nt  the  conilitinni  olilAiaing  on  tlin  boltam  of  a  rtream  in  which  tnlitneiitatioa 
hM  br*ri  cIT'tilivo  w  pupoi,  On  tliu  Amount  nt  Diawlri^J  Oij'ncn  in  Wntera  lit  Pijiid"  ami  Eteur- 
torn  M.  •lift'irnt  dp[,tlia,  bj  Dr.  Tb'imiu.  M.  Drown,  yid  An.  Rcpt  Mum.  St.  lid.  HriJth  (I8!ll\ 
fy  Xn-iiS\  -.  the  gtrnler  parbof  tlij>  paper  wiui  ulw  published  in  Eng.  Sowa,  ool.  xxiiii   (l^^l, 

pp.  :imutn. 

t  On  i.hK  eontinilnitioB  ot  llie  Wiit-T  ot  Leith  by  the  ncnagi;  of  HUnburgh  sod  Leith.  By 
StenDKiu  Uwudiuu,  Ph.D.    ete.     UU  Ui'pt.  Sew.  T.  Com.,  A)ip«uait  So.  5, 
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sliowed,  iu  some  caHes,  amuuiits  uf  organic  mutter  ns  high  &n  55.  66, 
and  iu  oue  cas«,  o(  82  per  cent.  The  lueanH  of  one  series  of  four  »am- 
l>les  of  nmil  from  the  etrenm  was,  organic  matter,  iS-l  per  wnt.,  and 
(-■lirthy  uiiLttor,  .51. El  per  cent.  The  same  serifiM  showed  u  luiiiiu  of  l.BH 
per  eeiit.  of  iiitrogeii.  Another  series  of  eight  samples  gave  ua  a  mean, 
organic  matter,  43.7  per  cent.,  earthy  miittt^r,  5(i.;i  per  cent,,  and  ni- 
tnigen,  1.14  i)er  cent,  of  the  whole.  A  series  of  12  mimples  from  the 
harhor,  where  more  or  less  siuid  is  lirnu^ht  in  witli  the  tide,  gave  a 
mi>aii  of  iHganic  matter  2S.3  per  cunt.,  carthv  midter,  71.7  per  cent. 
and  nitrofreii,  l'(i4  per  cent.  Miicmiam's  investigations  were  before 
the  days  of  l.iuL-teriological  exiiniiiiiLtirjns,  and  we  are  aeeordingly  left 
ill  the  dark  as  to  what  wouhl  now  Ije  a.  very  important  division  of  sueli 
a  study ;  Imt  he  recognized  the  importance  of  a  kuowletlge  of  the 
hir^er  nderoscopieid  forms,  and  notes  tlie  jiresenee  of  masses  of  intu- 
soriii  behmgiiig  to  tlio  family  Vorticellida^,  inchiding  the  genera  Wnil- 
tvllti,  CnrvhfxiniH,  ^"ntliiuiiiiittm  and  Epistii^'".  Parairieniun  and  Euglfiia 
Were  idso  abnndaut. 

Macadam's  resnlts  have  been  verified  by  a  number  of  studies  of  the 
mails  of  the  TJiamea  river,  tlie  nii»rp  recent  of  nhicli  are  those  of  W. 
J.  Ddidiu,  made  iu  187!l-«0,  aiul  18B2-ft:-J.  Mr.  l>ihdin  fonud  iu  some 
samples  from  sewage  of  24  hours  a»  high  as  57.4  per  cent,  of  volatile 
matter  in  dried  inud,  witli  nitrogen  of  the  dried  mud  amounting  to  3.;) 
per  cent,  and  nitrngcn  of  the  dried  volatile  matter  5.75  per  ceut.  The 
])hosphoric  acid  of  the  dried  mud  in  the  same  sample  was  0,8  of  oue 
per  cent.  The  means  of  the  su.mpkis  of  mud  taken  at  different  points 
are,  however,  considerably  lowi?r  thaa  this. 

The  net  result,  not  oidy  of  Macadam's  but  of  the  more  reccBt  investi- 
gatious,  ia  to  emphasize  the  statement  already  made,  that  usually  the 
effect  of  a  flood  How  would  be  to  actually  increase  temjiorarily  the 
pollution  at  points  fur  below  where  sedimentation  takes  place. 


Dii.  Beale'r  Study  of  Thameh  Muds, 

After  Macadam,  nothing  so  interesting  appeared  until  the  publica- 
tion by  Dr.  Beale  of  a  paper  on  The  Conetitutents  nf  Sewage  in  the 
Mud  (if  the  Thames,  in  1S84,*  in  whicli  are  detailed  the  results  of  a 
microscopical  study  of  2IJ  samples  of  Thames  mnd  tukfu  from  various 
banks  between  (iravesem;)  and  Chelsea,  the  oliserviitions  relating  chiefly 
to  the  demonstration  by  niicroscopical  investigation  of  the  existence 
in  sewaee  mails,  which  have  been  deposited  a  considerable  length  nf 
'time,  of  constltiitents  which  can  be  identified  a.H  derived  from  liuiiiun 
pscreraeuts.  So  thoroughly  cau  this  eonelusion  be  demouHtrated  that 
Dr.  Beale  states  in  his  judgment  "that  the  several  eoustitutenta  of 

•  Jour.  Rny.  Micr,  Skw..  (ter   »r..  «ol.  i».  (Fob.  ISM),  j.]..  ^-\^\, 
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i^uinan  fceees  aro  present  in  nil  the  specimona  of  mini  snhmittcd  for 
examiuatiou."  Amout?  thf  coiistitneuts  uf  Liuuaii  fooil  which  Dr.  lieale 
found,  may  be  meutioued  starch  granules,  fiagiiieata  of  vegetable 
tiasiie,  the  spiral  fiViei's  of  ciibbagu,  cooked  miiscnlur  tinsiie  and  yellow 
clastic  tissue,  the  latter  In  the  state  in  which  they  are  often  fuiinil  in 
fecal  matter.  Tea  leaves,  cotton  fibers,  probably  from  xiuper,  fatty 
matter  and  crystals  of  fatty  aciiLi,  fragments  of  paper  and  rag«  and 
many  other  snbatauccs  were  also  present.  "  Even  blood  corpiltscles  of 
man  or  of  one  of  the  higher  animals  have  been  detected  in  the  mud. 
having  withstood  all  tite  d(;structivo  agencies  to  which  they  have  been 
exposed,  during  probably  many  months." 

Dr.  Beale's  paper  furnisher  methods  of  working  and  may  be  profita- 
bly consulted  by  anyone  pui'suing  a  similar  line  of  investigation.  The 
methods  of  bacterial  investigation,  which  were  just  coming  into  use, 
were  applied,  with  the  result  of  showing  the  presence  of  immense  num- 
bers of  bacteria  in  all  the  mnds  examined. 

Following  Dr.  Beale's  paper,  there  appeared  iu  1885,  in  the  Report 
of  tlie  Royal  Commission  oh  Metropolitan  Sewage  Discharge,  an  exten- 
sive paper  by  Dr.  PI.  C,  Morby:  which  is  iu  many  respects  the  most 
imjioi'tant  contribution  to  the  literature  of  sewage  pollution  that  has 
yet  appoareil.* 

In  thi^  |iaper  Dr.  Sorby  covers  substantially  the  ground  traversed 
by  Dr.  lieale,  with  the  adilition  of  developing  many  points  which  Dr. 
Beale  left  untouched.  He  agrees  with  Dr.  Beale  as  to  the  ease  and 
nertaiuty  with  which  the  microscope  may  be  used  to  determine  the 
presence  of  sewage  in  river  muds. 

The  ciiief  value  of  Dr.  Sorby's  paper  lies  in  the  development  of  a 
new  method  of  quantitatively  determining  the  amount  of  pollntiou  in 
any  given  sample,  and  it  is  somewhat  extraordinary  that  witli  a  definite 
method  of  making  such  examinations  before  the  scientific  world  for 
eight  years  it  ha«  not  been  more  used.  By  its  use  the  progress  of  the 
contanduating  material  may  be  traced  down  a  stream,  both  in  the  flow- 
ing water  and  iu  the  deposited  muds  ;  and  consequently  the  quautit.V 
Ami  (|UHlity  of  any  self-punficatiim  which  may  be  attained  more  thor- 
onghly  mea-iured  than  by  any  other  method  of  examination  tlms  far 
made  known. 

LoBTEi-'s  Results. 

Probably  the  moat  useful  study  of  this  character  in  the  way  of  defi- 
nite results  obtained  is  that  of  T-ortet,  as  recorded  in  his  paper  The 
Path<)geiiic  Bacteria  of  the  Mud  of  the  Lake  of  Geneva, t  in  which  it  is 

•  It«|M>rt  iif  B  Microncnpitil  Iii»dti(!»tiiiii  of  Tlikmca  Miidn.     By  H.  C.  Sorb;,  LL.D,,  P.RH, 
Api*nilit  C.  h.  ltL-|«"t  iif  Ri.y   Com   cm  Met.  Sew,  Diiohg.,  p.  1U8. 
'  r-ninlliluti  tnr  K«k»riuliiB>,  ii.,  Ii'lt 
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shown   that  sewage  mud  banks  in  lakes  frequently  contain   living 
pathogenic  forms  of  bacteria. 

What  the  Seteral  Studies  Indicate. 

The  len^h  of  time  which  pathogenic  bacteria  may  be  expected  to 
survive,  when  enveloped  in  masses  of  fecal  matter,  is,  as  noted  in 
Cliapter  I.,  still  somewhat  uncertain,  but  what  we  positively  do  know 
teaches  that  there  is  nothing  improbable  in  the  aasumption  that  sew- 
age mud  banks  may  easily  become  centers  from  which  immense  num- 
bers of  disease  germs  may  be  sent  throughout  the  whole  extent  of  the 
stream  below  the  mud  banks,  at  every  time  of  flood  flow.  The  fact  that 
thorough  sedimentation  takes  place  in  the  course  of  a  few  miles'  flow 
is  therefore  not  only  no  guarantee  of  immunity  at  points  below  where 
the  sedimentation  occurs,  but  it  may  even  be,  independent  of  other 
circumatances,  the  source  of  the  greatest  danger  in  times  of  high 
water. 


CHAPTER  VL 


LEGAL  ASPECTS  OF  THE  CASE. 

Is  the  precetling  chapters  some  of  tho  physical  featurea  of  stTOam 

aolhition  have  been  presented  ;  we  will  now  couaider  streum  pollutinu 

rom  the  legal  point  of  view,  though  it  may  be  premiseil  that  possibly 

the  present  discussion,  as  prepared  by  an  engineer,  must  he  taken  as 

the  views  of  a  member  of  that  profession  interested  in  sanitary  qiies- 

^tioiis,  rather  than  ii»  those  of  an  authority  in  law.     It  may  be  properly 

tnted,  however,  that  this  chapter  has  been  submitted  to  a  legal  friend 

of  some  attaiumt?ut  in  the  law  of  waters,  and  it  is  chiefly  by  reason 

of  his  opinion  that  the  views  a<lvimced  arc,  on  the  whole,  sounil  from 

the  legal  point  of   view,  that  the   authors  have  been   encouraged  to 

aolude  this  chapter  in  the  present  work. 

How  THE  Right  of  PitopKRTv  is  a  Wwer-oourse  is  Deuived. 

The  right  of  jirivate  property  in  a  watercourse  is  derived  from  the 

jwnorship    of  the  soil   over  which  the   stream    naturally   passe.s.     It 

irries  with  it  the  right  to  have  a  stream  passiug  through  private 

lands  flow  us  it  is  wont  by  nature,   without  material  diminution  or 

(ulteratiou.     Persons  holding  real  property  to  which  these  rights   in 

running  streams  pertain  are  called  riparian  proprietors,  while  those 

whose    lauds  border  upon  tide  waters  are  called  littoral  proprietors. 

I     It   is  the   rights  of   the   riparian  proprietor  that  it  is   proposed  to 

^■briefly  discuss  here. 

^^^  ElPAJlIAN    PROpntETOR'S    RiGHT    TO    A    STREAM    IN    TTti   NATURAL 

^^B  C!oNDrnoN. 

According  to  the  legal  authorities,  each  proprietor  has  the  commoii- 

Ilaw  right  that  the  stream  shall  Aow  to  his  land  in  the  nsnal  quantity 
uid  in  its  natural  condition.     No  one  proprietor  has  any  projierty  in 
the  flowing  stream  which  is  not  equally  the  right  and  privilege  of 
every  other,  and  each   may  apply  it   to  any  use  to  which  it  can  be 
applied  without  material  injury  to  the  right  of  the  other  proprietors. 
On  this  point  the  courts  have  held  : 
Every  owner  of  Inml  throngli  wliicli  »  stream  of  wntrr  flows  is  entitled  to  tlie 
use  ftnil  enjoyment  of  tlie  water,  anil  (o  have   tlie   same  flow  in  ita  natural  and 
accOBlomed    courttc.    without    obstruction,    diversion,  or    corruption.     Tlie    right 
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t'litt'iKls  to  the  quftlitj  SB  well  as  the  qnantity  of  the  wnter.  It,  theretoif,  mi 
iiil joining  propj'ietor  corrupts  llie  water,  an  action  upon  the  caw  lies  for  tlie  jujnrv.* 

Thu  riglit  to  the  natunil  How  of  wut^r  is  nut  an  eai^eme'iit  but  u  nalumi  light, 
wliiuli  ia  not  lost  uuiii  au  advensfi  etisi'iiient  ha.fi  b^en  acquiii-'il  t 

\Vi>  iiounitlur  it  iLt  Kuiiiud  litvr  thitt  tW  Hgiit  to  Uuiv  a  stream  riiiming  IQ  its 
iiiiliiral  course,  is  uol  Uy  a  praaiimu.l  giant  fioiu  Ion;;  aoqnicsceijee  on  the  (mrt 
iif  tiie  rii>iirian  projjrietors  aliovu  anil  litlnw.  Imt  is  u  Jiiy  nriliii'ii'  .  .  .  and 
uii  ijK'iiloiit  u(  property,  as  luui'li  ivt  to  have  l.ho  soil  itsclr  in  ils  iiatnrol  btute, 
nnulturcU  l>y  tlie  acts  of  a  neighboriug  proprietor,  who  cannot  dig  so  as  to 
ilt-prive  it  of  the  sopport  of  hia  land. I 

lu  tile  ciiae  of  tho  Oomtuouweolth  uf  Peuiisylvania  v.  Soulas  aod 

others,  decided  iu  1884.  the  t-omnion-Iiiw  principlei*  appljing  to  Htivaiu 

pitllntiDD  havu  been  affirmed  by  the  presiding  jud^e  iu  his  charge  to 

th<'  jiirv  with  auch  clearuess  as  to  justify  its  rep  I'o  duct  ion  in  full  here. 

Tlie  judge  said : 

The  cane  which  jou  are  engaged  in  trying  is  one  of  much  iniportaace,  and  roar 
responsibility  is  proportioned,  of  oonrae,  to  its  inipoilance.  The  facts  wbich  have 
been  proved  by  the  evidence  given  on  behalf  of  ihe  CouiuionncHltii  are  very  few  and 
simple.  They  art,  however,  very  weighty,  and  ii  is  my  duty  to  add,  have  not  Ijet-o 
contFBiUctod.  The  law  also  npou  thit  subject  is  very  j'lain.  The  defendants  are 
vliarged  in  this  iiidiciiuent  with  maintaining  a  couimou  onisunce  by  cansing  the 
nxcTeiuent  and  foul  water  from  the  waler-cloHets  and  nrinals  n]K'u  their  p]'enli'^•'^, 
which  are  situated  U|>on  the  bank  of  the  ^haylkill  river  just  above  the  ciiufluenoe 
of  the  Wiftsahickon  with  that  Ktreaui,  lo  be  drained  into  the  liver.  It  has  been 
^bown  by  witnesses,  soue  uf  whom  are  experts,  in  snch  uiatlers.  that  the  effect  of 
this  has  lieeii  to  [loUute  the  dnubing  naier  I'f  this  city,  and  to  render  it  unwhole- 
some and  dangerous.  Siioh  polluliou  iian  al^^  be<-u  sljuwn  by  ci>m]>elent  and  cied- 
itable  evidence  to  have  a  direct  tendency  to  produce  disease  in  those  who  drink  the 
watJ-r  which  w  >.iip|ilied  to  the  city  troni  the  nver  Schuylkill. 

Now,  it  is  a  very  old  ami  well-settled  law  that  to  poUnle  a  public  streniu  is  to 
maintain  a  common  iini>ance.  It  is  not  only  a  jmlilic  iojniy,  bnl  it  is  ciime,  ft 
crime  for  which  (hose  who  ]>er]>etmte  it  ale  anKwei-able  in  a  tribtuial  of  cHuiiital 
jurisdiotiou.  All  act  o(  Asaenildy  forbids  and  panishes  as  crimes  all  common  or 
public  nuisances,  and  I  know  of  no  public  nuisanr-c  mine  serious  in  its  e»il  effects 
and  more  obno\ioos  lo  the  di-nuneintion  of  the  law  than  lo  eomtpt  and  puison  a 
public  stream  fivini  which  large  numbers  of  people  obtain  (heir  ili inking  water.  If 
tlic  jurr,  therefore,  find  that  tho  defi-ndaiils  have  doce  the  acts  chiiiyi'il  ngiiiiist 
,ll)eni  ill  this  indiclmenl.  no  doubt  whatever  remnins  thai  they  aie  guilty  "f  tW 
fence  of  maintaining  a  cuniiuon  nnisunce,  and  onght  lobe  couvicled.  If  the  watrr 
ned  from  the  defendant's  ■'stabli^hment  into  tin-  river  is  o(  ■  foul  and  impuiv 
ehkraater.  and  if  the  effect  of  that  is  lo  [HiUnle  the  water  and  render  it  iiitwhidesoRie 
(or  drinkiog  porjiosew.  then  they  an*  guilty  at  they  stand  in<licti-d,  and  it  i»  your 
Jaty  111  say  so. 

It  is  no  (tefenc«  to  niy  thai  tho  {iremisea  are  in  ihesuue  mudition.  and  thedi-kin- 
Mge  couducictl  in  Ihe  samr  manner.  Kt  wh>^ii  they  obtaiiieil  |K>s«e«<iiou  Mid  Ix-gan 
their  .wcn(>ancy.  Their  r>itiiiiiuan««  of  Ihe  niii»anee  i-  it'elf  an  off>-iic«  agaiiisl  ihe 
UtF  (or  which  they  are  peramally  responsible.  The  la*  is  perfectlr  well  »eUM 
that  no  mail  i-ali  prf«)rilie  (or  a  public  u'lisanc...  or  .let.-n-l  himself  by  allowing  th»t 
cithers  hove  violutml  th»  U«  before  him.  No  leuKth  of  tiin<-  can  justify  a  pniidic 
nni^ance,  allhoagh  tl  may  (ami*h  an  anm^r  tii  nu  action  for  a  pnTBl«  injiiry. 
rahlic  rights  m»-  i»>t  dasUoyrJ  by  primle  encmacliineiilH,  no  matter  how  liiuj;  tbcj 
laTB  emhirBd.  Nor  ia  il  any  d-fptn-e  lltal  the  river  is  also  potlnled  (rois  oUwrl 
aounea.  thMl  impnritivs  flow  into  it  trow  sewero,  and  trtna  towiM  and  pW«M  «hw*«f 

•  UnlBiHa*   BMlbc8tiri>i(BkMUB(0a,l|I!I.  J.  B|.,au. 

•  tUakM'.  Stawm».*Mk  *Bl  W.Brfa.J. 
I  WaasMrtb  *.  mMSM.  U  Om,  MS.  nX 
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navnnk.     If  tbe  ilefeudantH  have  coiitribnted  to  tUe  |)otliition,  tlicj  are  guilty. 

No  iiiau  CUD  excuse  himself  for  violating  the  laiv  upon  llie  gioutiJ  that  others  aluo 

jiolaled  it.     It  is  siiiil  that  the  eity  ought  to  have  built  an  intereeptiiig  sewer.     But 

irhat  of  thftt?     I'e]hii|w  it  ought.     But  if  tliu  dti-  has  been  guilty  of  negligence  in 

at  i-eapiiet  that  fact  Joes  uot  justifv  the  ddfezidautu  iu  their  violiLtion  of  tljc  lav. 

It  tiiukoH  DO  Uifioreiice  whtilevei'  in  llie  guilt  oF  the  defenilaiils  thnt  the  citv  has  not 

Lik.'u  !it.e]>4  to  protect  ititelf  aguin^t  the  unlawful  acU  of  those   who  polluti;   the 

■ti'eaiu.     Nor  oiigiit  your  veriliet  to  be  atTeuleii  in  the  ulighte.sl  ilegree  by  the  sng- 

Hhntion  l.liat  if  tlieso  (loUutious  of  the  rivei*  are  slopped  by  in  die  tin  eats  and  eouvic- 

Tioiin.  the  effect  of  Uiat  muv  Im  injurious  to  large  Inisine-ss  iniereats,  which  are  pmn- 

ecuted  under  similar  couditionH  U["m  the  river.     You  Xmvu  nothing  Iu  do  with  that. 

Suph  coiiaiileralions  caiitiot  ulf.'Ct  your  duly  in  the  |ijesi;lit  case.     The  laiv  is  (o  he 

uiifurcuil,  and  those  nho  violate  it  uie  to  be  punishi'd,  no  nialter  what  the  etTeet  of 

^Uat  miiy  he  upon  their  busiiietj*,  for  the  liiw  is  above  eveiy  iiersonal  and  priviite 

^klt4>re4t.     All  porson'4  engaged  in  bui^inesu  are  bound  to  comlnet  that  business  in 

^Eibordi nation  to  llie  law,  and  in  nueh  inantier  tin  uot   to  injure  the  public.     It  has 

been  argued  also  that  the  eity  ought  to  have  reported  to  a  eivil  remedy  ugninst  the 

defendant  for  the  coiTeelioi;  of  these  abuse.s,  that  it  ought  to  have  gone  into  a  civil 

uoart  and  asked  for  an  injunction  against  their eouiinnaiice.    Knch  snggeations  havo 

nothing  to  do  with  the  cft-<e.     It  is  sntfieient  that  the  defendants  are  arndgired  bv 

the  Coninionn'ealth  to  an^nwer  for  an  infmeliou  of  her  laws,     if  tliay  have  broken 

those  laws,  they  are  in  the  proper  tribunal  tr)  answer  for  their  acta.     Civil  proiiced- 

ingfl  (Uf  slow,  and  in  sui'h  proceeding-;,  where  the  parties  are  (uivule  persons  or 

corporations,  which  are  a  kind  of  artiiii-ial  iiei-nona  created  by  the  Slate,  many  em- 

barrn.ssing  and  dilatory  qneslinjiH  might  obaliuel  and  hinder  the  speedy  abatement 

of  tlifl  nuisanee.      In   uiy  jud^nienl   the    remedy   whirh   has   been  chosen   ia    the 

eodiest  and  the  most  elfeclive.     It  is  a  proper,  ii  lawful  remedy,  ami  you  liuve  no 

[>nc<Tii  now  with  any  other.     The  defeiidan's  arn  before  you  to  answer  the  eharge 

'  nniinlalniug  a  ciiminon  nuisanee,  which  is  a  publie  offence  by  the  laws  of  I'enn- 

flvaiiia.     The  siniple  Ljueslion  which  you  have  lo  deiude  is,   «hi-lher  the  defen- 

»nts  are  guilty  of  this  offence.     If  they  have  done  the  acts  which  are  charged 

iiinst  tiiem  in  this  indictmeiil,  then,  as  a  matter  of  Uw,  I  mstrnct  you  that  those 

Dte  constitute  the  otfenee  of  mainlaining  a  common  iiiiisimce,  and  they  are  guilty. 

jll)OU  tlin  question  of  fact  3~ou  have  the  testimony  of  numeiiius  witnesses  examined 

tbo  (lonjuionwealth,  and  they  have  uot  been  contradicted  by  any  witness  pi'o- 

by  the  defendants. 

While  the  foregoiDfj  eitiitinns  hivve  tliUH  aflfinned  the  risht.  at  every 
ipnriiiii  |iropriot<.)r  to  Lave  the  streiim  flow  in  its  imtiiriil  .state,  it  is 
till  tnie  that  the  reasonable  use  of  a  fitream  by  eiich  proprietor  may 
Soilify  this  right  in  some  way,  and  it  actiiirdingly  beconips  an  iiiipor- 
liit  (jtiestioij  to  ilett-riiiiiie  wheti  one  riparian  owner's  use  ceases  to  be 
^ghtful  by  infringing  on  the  rights  of  others.  Li  the  Entrliah  case  ()f 
Riuljrey  i:  Owen,  it  was  hehl  that  the  right  of  a  ri])aiian  owner  to  the 
tiow  of  the  streimi  in  its  natural  state,  witlioiit  iliniiinition  or  alteration, 

Knot  an  absolute  ami  exehisive  right   to   all   the  water  in  its  natural 
ite,  but  is  a  right  only  to  the  flow  of  tlie  water  and  the  enjoyment  of 
subject  to  the  situihi.r  riijlits  of  all  the  proprietors. 
From  these  citations  it  appears  that  the  eomiuou  law  distinctly  rec- 
^giiizes  within  certain  limitations  the  natural  right  of  every  ripariau 
l&Toprietor  to  receive  the  natural  flow  of  a  stream  essentially  pure  and 
nndciiled.  But  by  reason  of  the  operation  of  the  l.iw  of  ciistoin,  certain 
modifications  of  this  genend  iiriuciple  have  grown  up  which  we  may 
discuss  a  little  in  detail. 
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Natural  and  Artificial  Useh  op  a  Stream. 

Before  eiitenug  upon  hiil-1i  iliticutisiou  it  m!iy  be  noted  that  the  luw 
further  re(;ot,'iiiK['s  onliiuirv,  or  uiitiiriil,  and  estraoriliutiry,  or  artificiMl 
tisi'.-'  of  stroiiuis ;  thf  iirdiuiiry  use  lieiiijf  for  the  supplyiug  of  uiiturn 
wunts,  HE  for  iutitttut^'e,  tlie  use  of  water  for  Buch  domestic  iiurposes 
ilriiikjug,  bathiiiir,  i-imkiii"',  uutl  hiuiidry,  lUul  for  wnterinp  utock. 

For  these  stdi'tly  iiatuntl  i\nen  tlie  weight  of  authi>rity  is  to  thi-  effect  , 
th^t  any  ouo  ripiiriiui  uwuer  may,  if  uecesnary,  consume  all  the  watU^H 
of  the  stream,  though  the  exereiae  of  such  light  is  strictly  confiiieil  t^^ 
riparian  laud.  Moreover,  a  sti-eam,  all  the  water  of  which  is  coiisumed 
iiy  these  onliimry  natural  usfs  of  any  ouo  proprietor  will  usually  be 
very  small  one,  thongh  this  fai;t  cannot  be  coiisidfred  as  in  any  wa 
nffectiug  the  application  of  the  leg^al  priuciple  involved.  But  the  fact 
that  a  city  is  itself  a  rijiariaii  i»riiprit'tnr  does  intt  anthnrizi-  it  to  erect 
water-works  ami  ccuivt-y  its  supply  several  miles  away.  It  can  only 
take,  without  ctimpensatiiig  the  other  owners,  such  an  amount  as  will 
wupply  one  family,*  Hut  the  right  of  the  one  family  to  an  undefiled 
water  supply  may  nevertheless  enable  a  municipality  to  insist  on 
purity  of  the  supply  for  the  whole  population  under  the  common- 
rule. 
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Actionable  PoLLimosfi. 

According  to  Gould,  who  is  the  most  recent  American  writer 
who  makes  elaborate  citations  in  relation  thereto,  the  following  (lis-^ 
tinct  sources  of  pollution  have  been  held  to  lie  actionable:  The  set-^i 
ting  up  of  cattle-yards,  jiogf-pens,  or  lime-pits  for  calf  and  sheep  Blcio^H 
so  near  the  water  as  to  |)oIl«te  it ;  discharging  blood  from  a  slaughter^^ 
house  into  the  stream  ;  erecting  a  cesspoid,  placing  manure  or  od.  or 
permitting  gas  to  escape,  sm  near  a  well,  spring,  or  stream  as  to  pollato  , 
it;  the  casting  upon  one's  own  land  of  ilirt  and  foul  water  or  unl 
stances  which  reach  the  stream  by  percolation  ;  the  letting  off  of  wat 
made  noxious  by  precipitation  of  minerals,  or  by  dye  wastes,  liquo 
madder,  indigo,  potash,  sulphuric  or  muriatic  acid  ;  discharging  into 
a  stream  heated  water  injuriously,  sewerage  or  anything  rendering  1 
water  unfit  for  domestic,  cnlinaiy,  or  mining  purposes,  tor  cattle 
drink,  tish  to  live  in,  or  for  use  in  manufacturing. 

A  largo  number  of  cases   are  cited  of  actions  brought   for  theq 
various  sources  of  pollution,  and  undoubtedly  ft  more  extended 
oouid  be  easily  made.l 


•  »i.indon  W>t<rr-Work.  t.  Wilts  and  Botlu  C»n.l,  L.  R.  t  H  I*  8W. 
t  Gould  On  Iha  L«»  at  Walen,  Sded.,  1»U1,  ko,  916,  pp.  iSl-4»i. 
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DWTINCTIOS   BETWEEN  NATURAL  AND  ARTIFICIAL  UsE. 

The  extraor<linary  or  artitictal  use  of  a  stt-oaui  is  such  reasonable 
use,  aside  from  tlu'  oriliuiiry  ii'itiiral  nses,  an  in  enmuioii  to  all  tlits  pro- 
jjrietora.  It  ilitloifs  from  tlif  iniliuai'.v  uso  in  this,  that  iiu  one  may 
for  an  extraordinary  use  apprt»priate  the  whole  Htream,  but  each  pro- 
prietor has,  lis  already  stateil,  a  right  to  the  use  of  the  streani  subject 
to  a  like  aimilar  use  on  tho  part  of  all  Hie  others.  Moreover,  the  right 
to  the  extraortliiiary  use  is  inferior  to  the  ordinary,  and  cannot  be 
made  to  interfftre  with  an  ordinary  use  when  fiueh  is  clearly  indicated 
as  neeesrtary  to  aiiv  of  the  priipriotortf.  So  long  aa  the  reayouable  use 
of  the  noimiioii  pro)ierty  dcifs  uo  iujury  to  the  rights  of  othei-s  who 
are  entitled  to  a  like  reasonable  use  no  aetion  lies  ;  but  an  uureasoD- 
able  use  is  an  iwtionable  injury. 

The  Case  of  Evans  v.  Meiuhweatheb. 


i  clear  distinction  of  the  lUfference  between  these  two  kinds  of  use 
wa-s  made  for  the  first  time  in  this  country  by  the  Supreme  Court  of 
Illiuoia,  where  the  Court  said  :* 

Eiieli  ri|ini-i"ti  ]irii|n-ieloi'  i«  Ijeuini  in  matte  Kiich  a  n«6  of  nnining  wM^r  as  to  do 
liltk'  iiijiii'V  tothiisc  below  Uhu  as  is  cojisisI.eiiL  with  a  riiliiahle  benefit   to  hixa- 

it.  The  use  niii.tl.  be  q  reasoruiblc  «iie.  Now  the  que-Htion  fairly  nrisefi,  is  thnt  k 
anablii  UUP  ii(  niiiiiiiig  water  by  tlie  iipiier  pniprierur,  liy  whioli  the  fluiil  I'a 

tiitily  eonBiiiiiHil  ?  To  iinBWMr  thin  iiiu'Htion  Batisfactorily,  it  is  pmpei'  lo  (consider 
llie  walitii  ill  ie;^iiril  to  the  elemeut  of  wuter.  Thi'se  Wftiits  aie  '.'itiier  uatnial  or 
arljtiri;il.  Nuiiinil  ni-e  svuih  im  »ie  iilisiiltilftlv  iipcessaiy  tii  bii  supplieil  in  oiiler  to 
his  ifsi^tL-uc;('.  Artilicial,  mieh  iitily  as  by  Hupplyiug  them  Lis  comfort  ami  pros- 
(MTily  are  ineieasoil.  To  queueh  thiiMt.  and  (or  hoiiseliolil  piirposea,  water  is  al)- 
nolutely  iiiiliiipeiiHable.  lu  civilized  life,  water  fur  I'uttle  isi  also  tieceHnaiy.  These 
wants  mnst  In!  KU|ipUed,  or  btilh  man  ami  beaat  will  perish.  The  supply  of  a  man's 
artiUcial  want.-i  is  not  eHseiiliul  to  his  exiatpnce  ;  it  is  not  indis|>eQsabl(! ;  he  t^oiild 
livt-  if  witter  waK  tint  employed  in  irrigating  land",  or  in  pro])elliQg  his  machinery. 
In  ooiiiitries  iliffBrently  sitnated  from  oiiis,  with  a  liot  and  arid  climate,  water 
ilnnbtloMs  is  iiidiipensalile  to  the  cultivation  of  thti  snil,  ami  in  tliem,  water  tor  ir- 
rigation wunhl  be  a  natural  want.  Here  it  might  iucrpiLHe  the  products  of  the  soil, 
hut  it  in  by  tio  means  esseulial,  and  cannot,  therefore,  l>e  considered  a  natiirid  want 
of  man,  Mo  of  ni  ami  fact  urns,  they  pramnle  the  prosperity  and  comfort  ot  mankiiid, 
hut  oaunol  be  considered  absolutely  necessary  to  his  existence. 

From  these  premtBe»,  the  Court  then  proceeds  to  state  the  conclusion 
resulting,  namely  : 

That,  nn  individnal  owning  a  spring  on  his  land  from  which  water  flows  in  a  ctirront 
through  hi«  neinhlioi's  land,  would  have  the  rifjht  to  use  the  whole  of  it.  if  iteces- 
■Mrr  to  satisfy  his  riiilumi  wiluIh,  He  may  consume  all  Ihe  water  for  his  liomestie 
purposes,  iiicliiiiiiii;  water  for  his  stock.  If  he  deiires  (o  use  it  for  irrigation  or 
niaiiurai'tnren,  and  t.lier«  bo  a  lower  proprietor  to  whom  lis  nse  is  esBpnlial  to  «u(>- 
ply  his  natural  wants,  or  for  his  stock,  he  must  use  the  water  so  as  lo  leave  enough 
for  sue b  lower  proprietor.      Where  the  stream  is  small,  and  does   not  supply  water 

*  Ermis  t<.  .Uecriireathec,  3  Soui.  (DL  |,  496. 
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more  tbaii  sufficieut  to  niiswei'  llie  natiiiul  wants  of  tlin  diff'ei'ent  proiirietors  Uviog 

tin  it,  none  of  the  pi'opiietoL'fl  fan  nse  tlie  vrntei*  for  either  irrigation  or  mauufoct- 
nres.  Ho  Car  tiieti,  an  iiatui-ul  wantK  ui-e  coni-eiued,  Ihei-e  is  uo  diOicuItv  in  fui-nish- 
ing  a  rule  by  H-liicli  liitariaii  jiropiiiiiors  iiiav  use  Hiiwiug  water  to  supply  ant'li 
nalni'nl  waiitN.  Eai-li  pioptielov  in  hit  luiii  uiuy,  if  iiccoHsarv,  eoDBiime  all  tLe  water 
for  these  pniiiost's.  Bui.  ivhei'e  tlie  wntcr  in  uol  wnutifil  tii  snppiv  natni'ftl  wants, 
and  theii'  is  not  siiHlc-ieiit  for  eauli  piopiictor  living  iiu  the  streain  to  carrf  uu  his 
Willi uftii'tuii II li  ptiipoHKs,  liort  nlmll  the  •later  bo  jivi<ie.l  ?  We  have  ^een,  thai, 
without  iL  coiiti'ai't  or  ^r.iiit,  neither  haii  a  li^ht  to  use  nil  the  water;  nil  hiive  a 
ri^hi  to  imrtiHimte  in  its  beiietits.  \Vhei'e  nil  huvc  a  right  to  ']>ai'tiL-i|ialti  in  a  eom- 
uioii  lieneHt,  iiml  iioin'  ciiu  liiive  nii  exolnsive  enjoyment,  no  rnlc.  (lom  tlie  very 
natiii'i;  of  the  cnse, eau  ha  laiil  ihiwd.iw  to  how  muili  each  may  use  without  infring- 
infT  ii|>on  the  rights  of  others.  Id  Hncii  ca»e^,  th<>  question  nitisl  he  left  to  tli^ 
jmlKiuenL  of  the  jury,  whether  the  jiartv  complainitil  of  haa  iiaetl,  uiidur  all  tbe  cir- 
cumstBiioes.  more  than  hisjuKt  piajMirtiou. 


RlPABIAX  PlIOI-ltlKTOlLS  CaS  ABRlXiATE  THK   RlfiHT  TO  THE  NaTI-HAI,  TJbE. 

Concliidiu^r  this  part  of  the  siibject.  it  may  be  pointeil  out  thiit  tlie 
riparinii  ino|iriutors  caii  volmitaiily,  as  by  agreement,  abro^pute  tlie 
right  tit  thi)  orilitiary  use  nf  n  stre^iru,  givincr  it  up  to  such  cxtraonli- 
iiary  uses  us  thwexigt-nfiesofuiiumfaftiiriiiir  or  otlier  artificial  iiitere«ts 
may  bn  expecteil  to  subjei-t  it  to.  Custom  for  a  series  of  years  may  be 
couaideretl  evideuoe  of  such  voluutary  abrojiittioii. 


Rn}HT  TO  Use  of  a  SritEAM  Can  be  Ai:QnnED  by  Grast. 


It  is  evident  without  sprcial  diKcussiou,  that  the  rig'ht  to  uses  of  n 
stream  outside  vif  thu  ordinary  jitnl  ri'iisonable  extracirdiHary  use  niiiy 
be  acqiiireii  by  ^riitiit  or  reservutioti  the  same  as  to  real  pioperty. 
Such  special  rifrlits  are  of  the  nature  of  easements,  and  can,  like  ease- 
ments in  real  property,  oidy  be  created  by  deed,  devise,  or  record. 


d 


PuEw-RrrrivE  Ricjhts  rs  Streams. 

There  is,  liowpver,  another  way  iu  which  the  right  to  the  supor- 
oxtniordiuary  use  of  a  stream  mav  be  apparently  afqiiir<-il,  namely,  by 
prescription,  and  as  this  is  the  mon-  important  part  of  tlie  subject  for 
present  puri>oses,  we  will  disctLss  the  matter  a  little  at  length. 

By  the  common  law  the  rijrht  Ic  do  a  lliiiii;,  which  from  tlie  i  ntun' 
of  the  case  could  linvi'  Viceu  created  l)y  a  yraut,  may  be  acquired  by  nil 
iiulividiial,  by  reason  of  long-continued  and  pwaceable  possession,  ami 
such  right  or  title  is  denominated  prescriptive,  though  the  If-ngth  of 
time  retpiiretl  Ix'fore  such  right  can  be  held  as  accjuiri'd  varies  iu  dif- 
ferent States.  In  New  York  it  haa  been  fixed  by  the  Statute  nf  Limita- 
tions at  20  years,  while  in  some  othej-  State'*  the  lapsing  of  15  years 
suffices.  In  onler  to  constitult-  n  prescription  in  EuL-land.  according 
to  the  old  writers,  the  enjoyment  must  have  existed  "  time  ont  of 
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I,"  but  in  modern  times  not  only  there  but  iii  this  country  definite 
periotU  are  tixeil  by  ihe  Statute  uf  Liiuitatious. 

In  its  originiil  aeuae  the  term  presuription  applied  to  incorporeal 
lieredituments  and  not  to  corporeal  titles  to  laud,  as  to  easements  of 
rights  of  way  across  land.  In  this  seuse  pi-oscriptive  rights  were 
originally  enjoyed  !>y  adverse  user,  and  finally  liy  analog'y  came  toiu- 
clude  title  to  laud  by  adverse  possession.  A  further  extension  of  the 
doctrim.'  again  led  to  a  presumption  of  some  title  in  riinning  streams 
not  justified  by  the  common-law  rule,  this  latter  being  also  a  prescrip- 
tive title  by  adverse  user. 

Angell  has  affirmed  the  principle  of  a  prescriptive  right  to  pollute 
water-couraes  under  certain  circumstances  in  the  following  language  :* 

Thai  a  title  to  any  iocoi'iioreal  lierpJitament  laay  by  supported  by  au  iminter- 
ra]>ted  enjovLiif^nt  tor  the  )H?L'iotl  llmiteil  bj  ntatiit^  for  tJie  riglit  of  entjy  ii|H)n  land, 
wms  first  kill  Jown  as  law  in  EnglaDil  bv  Sir.  C.  .T.  Wilmot  in  the  vear  ITtJl  .  .  . 
■s  twenty  yema'  imishi'smioh  uf  land  is  considered  a  liar  to  an  f  ji'clment.  so  the  poa- 
l*a.<iion  o'r  an  onieiiieiit  nltnclied  to  it  for  the  aame  period  is  branalogj-  deemed  eri- 
tlpQi-s  of  nijht  iij  Ihe  party  iHi^rMix.tiiif;  it.  Iiideed,  it  wonhl  seem  absai'd  to  ockuowl- 
edge  a  right  to  a  greatej'  iriterost.  as  hadng  been  uveated  by  un  enjoyraent  for  ft 
given  apace  ot  time  and  to  deny  it  to  a  lesNOi'. 


The  Case  of  BE.\Ly  i'.  Shaw. 


(The  ease  of  Bealy  v.  Shaw,  as  cited  by  Angell,  has  been  a  leading' 
Mge  in  England  on  the  subjeet  of  acquisition  of  an  adverse  right  to  the 
^fe  of  a  natural  water-course :  and  it  wiis  decided  in  conformity  to  the 
doctrine  uliove  laid  down.     Lord  Ellenborongh,  C.  J.,  said: 
,  The  ifeneral  rnle  of  law,  as  a]iplied  tn  this  snbjeft.  is  that,  independent  of  any 

piiflji'iilar  enjoyment  used  to  bo  had  by  arjotlier,  oviiry  man  ha.s  a  right  to  have  tlie 
^Kilvaulaifc  of  a  llmv  of  water  in  bis  own  land  without  diminntiira  or  altfralioii.  bttt 
■n  adverse  riijiit  may  exist,  foundi'd  on  thH  oecupalion  of  another,  and,  although 
[llio  strenm  may  he  diminixhed  in  ijnanlity.  or  corrupted  in  quality,  yet  if  the  oecii- 
Ifaliim  of  the  party  so  tailing  it  and  uHins;  It  havn  oxistud  tor  so  long  a  time  as  may 
Iruisc  ihe  presnmption  of  a  Kinnl,  the  other  party,  wluwe  laud  ia  below,  miiHt  takft 
ttlie  nlream  subject  to  such  adverse  right. 


Poi'ixAit  Views  of  PREsntimox. 

In   administrating  sanitary   regulations  for  the  protection   of  the 
Irniuage  areas  whence  public  water  supplies  issue,  one  quickly  finds 
tlissemiuated  among  both  laity  and  professionals  the  idea  that  such 
rightrt  of  pollution  as  were  enjoyed  by  tlie  inhabitants,  without  con- 
,  or  objection  on  the  part  of  any  of  the  riparian  owners  before  the 
of  a.  given  stream  for  a  public  water  su|)ply,  have  become  per- 
riptive  through  adverse  use,  and  that  such  rights  ciuinot  be  deban-ed 
except  by  the  payment  of  a  valuable  consideration.     The  growth  of 
view  is  undoubtedly  largely  due  to  the  strong  affirmation  of  the 

•  Antjoll,  Lnw  lit  Wiiter  Course*.  <Hli  od.,  p.  35L 
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doctrine  of  right  to  pollute  by  adverse  possession  as  stated  in  tlie  fore- 
^uiup  from  Aii^ell.  It  ia  lielieved,  however,  that,  in  tho  present  under- 
standing  of  things,  such  a  view  is  bad  law,  contrary,  indeed,  to  t 
first  priueiples  of  tlio  eoiurnon  law,  and  an  attempt  will  be  made 
make  good  that  piopouitiou. 


The  Law  of  Custom. 


The  laws  of  England,  whence  onm  have  been  derived  by  inheritance, 
are  defined  by  Blackstoue  Jis  of  two  kinds,*  the  nnwvitten  or  common 
JHW,  and  the  written  or  statute  law,  and  it  ia  from  the  former  that  we 
mostly  derive  our  views  as  to  preaorijition  and  adverse  possession. 
We  must  observe  in  this  connection  that  the  common  law  is  founded 
«ntirely  in  custom  f  and  the  shie  qiin  >i"n  for  the  oliservauce  of  the  com- 
mon-law laasim  is  that  the  custom  itself  be  good,  and  the  goodness 
of  tlie  custom  under  the  coiamon-law  ruling  depends,  acconling  to 
Blackstoue,  (H  upon  its  having  Ik'oii  used  from  ii  "  time  whereof  the 
memory  of  man  runneth  not  to  the  contrary  ;"*  if  any  one  can  show 
the  beginning  of  it  the  eustom  is  not  good ;  (2)  it  must  hare  been 
continued  ;  (3)  peaceable,  and  acquiesced  in,  and  (4)  reasonable.  A 
(tustom  may  be  good  if  no  gooil  legal  reason  can  be  assigned  against 
it.  (fi)  Customs  ought  to  be  certain,  and,  (6)  when  establisheil.  co 
pulsory  and  (7)  consistent  with  eiu;h  other.  Moreover,  Bliickstoiie  ex- 
pressly says,  in  regard  to  the  legality  of  a  custom,  that  if  it  is  not  good 
it  ought  not  to  be  longer  used. 


I 


The  Proper  ArpLicATioN  of  the  Fundamental  Principleb. 

In  the  application  of  these  fundamentals  to  the  question  of  sewerage^ 
and  drainage  it  is  urged  that  practically  all  such  privileges  are  receni 
The  time  when  the  custom  began  may  be  i-eadily  defined  by  many. 
Again  it  is  iinreiisonable  for  one  human  being  to  turn  .excrement  into 
wtreams  from  which  othei-s  may  take  drinking  water.  The  matter 
looked  boldly  in  the  face  is  so  revolting  as  to  m-ed  no  argument  es- 
tablishing its  unreasonableness,  Ukewise  it  is  inconsistent  for  hnmau 
I>eings,  either  individually  or  in  the  asigregnte,  to  pollute  that  which 
for  their  own  nacs  should  remain  unpolluted,  and.  finally,  when  we  nn- 
tlurstand  as  we  now  do,  tlie  serious  effects  of  such  pollution,  the  cus- 
tom of  turning  sewage  into  any  stream,  which  either  is,  or  may  in  the 
future,  be  the  source  of  a  public  wafi-r  supply,  is  shown  to  lie  so  ut^ 
terly  bad  as  to  be  worthy  only  of  ininiediate  abatement  even  thoi 
the  custom  has  been  maintained  fivnn  time  immemorial. 

■  I)lv-kniiiiia'B  Oommontuini,  ho.  iii..  Uii  Um  tii>«>  uf  Knglnnd. 

*  ['nnUinia  itr»  ritbcr  pM'tionlu'  or  gmcrsl.     Il  i>  [uuticulmr  coaCDmi  ouly  Uial  in  Hf  i 
with  berc: 
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Moreover,  the  qiiestioii  of  the  right  ot  the  n|<uniiu  proprietors  Ur 
coiitiuut:  ill  the  eiijoyim-ut  of  n  ri<jlit  of  poUutiiiii  nf  w'hii!li  they  iiiiiy 
huve  btuu  poancBswl  at  tlie  time  of  tiikiiifJ'  of  u,uy  •jivi^ii  Inxly  of  water 
as  the  source  of  u  public  water  nupply,  ban  bt^eu  the  subjei-t  tif  a  (leci- 
Bioii  ill  the  case  of  the  water  supply  of  tliu  city  of  Bowtou,  which  may 
be  considered  as  markiiiff  an  em  in  sanitary  history  in  this  country. 
The  eaae  referred  to  is  that  of  Aii-iiititiiH  P.  Maiiiu,  Mayor  of  Boston, 
r.  Luther  E.  tileafiou,  in  regard  tii  whii-h  tlie  followiujf  preliminary 
statement  is  made  as  derived  from  the  city  of  Boston's  brief* 


The  Cahe  of  Lakh  CooHrrrATE. 

In  1846  the  Legialatare.  hy  an  ui;t  eulitW  "'An  act  for  fupplying  the  city  of  Bos- 
ton witli  pnra  water,"  aiitboiizeil  ilio  oitv  nf  Boston  ■■tn  Ittku,  liolU,  uiiii  cnrivej  In, 
into  and  tliroU(?l)  sniii  fity  tlie  wttleinf  Imnj;  |Hiini,  an  vallM  (nuw  Luke  Coehitiiate), 
ill  the  townr<  of  Nulick,  WiLyluiid,  uiid  Ffamiii^hiLru,  tiiiil  Ibe  waters  whiuL  may  fli>w 
into  and  from  llie  Haiiie,  anil  niiy  olher  ikiIiiIh  and  Mfa^iua  witliiu  th<:<  diHtatJeu  iif 
Sour  mill'-  from  said  L^iiif"  puiiil.  huiI  anv  ivaiar  dght'*  couLieiilGd  thi-iewilli.''  Acts 
oflBW,  Cli.  IfiT,  i  1. 

PiiiHiiiiNt  to  thi»<  aulhoi'ily,  ituj  in  jiart  I'xi'eutiuu  llieibof,  the  city,  in  An^iist, 
1841).  look  uel'tflHi  water  nnil  imttii'  rights,  deseribtd  as,  ■■  all  Ihi)  wutti-s  o(  Loiig 
pond,  so  called,  and  other  lironkst  and  sti'i-aniK.  wlicllii'i'  jii'ijiianont  or  leiuporaiy, 
enteriiiiT  into  tlit^  wLtnc,  and  of  ail  tliu  bays,  uowk,  and  inlets  thereof,  and  of  tlia 
imllet  of  the  same,  and  all  tha  water  righta  thereiiiilo  beiouging,  or  in  any  wise 
a|)]>ertaining." 

AiiifnHt  IS,  W16,  till!  I'ity  lilml  in  the  nHifi-uf  ilm  mfjislry  of  deoils  (or  thecouiily 
of  Middlesitx.  the  forogoiug  d^jfrniiitiou  of  thii  iukin«,  and  a  statement  i>C  the  pnr- 
jMiflo  lor  which  taken,  u«  ri^qniit-d  by  said  act  of  lb--  [,i'i;islHtm«  (see  ciipy,  pane  4 
of  the  report)  ;  and,  as  mum  na  tbe  necessnry  \vork>  eiuild  be  conat.rncted.  pro- 
oeoded  aotiialiy  to  use.  and  hu.s  over  siuoe  used,  said  ivatei-s  foi'  iho  supply  of  il* 
inhabitants.  Pisgan  bnmk  is,  and  bus  always  been,  one  of  I  lie  streams  eulerinR- 
■Dto  Long  puud.      (Report,  page  1.) 

Tlie  defendant  is  tlit^  proprietor  of  a  hotel  in  Natiek.  and  all  ihfl  liuman  lucre- 
meiil.  .liscbiirKeil  from  the  water  closets,  and  all  the  sewage  oE  bin  botel  are  lUs- 
chaiged  directly  into  said  hrook  in  sufficient  qnitntitr  to  eoutaininate  ila  waters. 
(Keport,  page  1.) 

The  city  of  Hoston.  by  petition  of  its  Mayor  (Ht.  1H84,  c,  li'iJ),  pmya  for  an  iu- 
juuction  to  restrain  the  defendant  from  jHilliitinK  this  water  supgily. 

The  foUowiu;^  is  the  decision  nf  the  Supreme  Jiulicial  Court,  C. 
Allen,  J. 

Disregarding  punctuation,  as  may  proiierly  be  done  in  construing  a  atatitte 
(Cu^liing  r,  Worrick.  D  Gray,  385i,  and  looking  at  the  ptu-pose  and  contemplated 
scope  iif  Btal.  1841),  c.  IGT.  the  city  nf  DokIoil  was  nuthoiiited  by  Section  1  of  tiiat 
><talut«  to  (iike  the  water  of  T-oni*  |>r>iid,  and  the  waters  which  may  How  into  and 
from  the  snnie,  and  any  other  pomls  :ind  slreania  within  the  distance  of  four  njih-s 
(nun  Haid  Louq:  potid,  and  any  water  rights  conniu'lpd  iliercwith,  so  fM  as  may  be 
nflcuii'iary  for  the  jireservalion  ntnl  |.ni  it.y  of  the  siinir'.  for  tbe  purpose  of  furnish iiip 
II suppiv  of  pure  wall']- for  Ihosanl  city  of  lloston.  This  declared  purpose  relates 
Irnck.  and  illnilrates  the  extent  nf  ihe  autlmrily  eonferreil.  Water-rights  may  be 
takcci  so  f;vr  m  may  be  iieeeHHiiiy  foi'  tbe  pii'servalinn  and  pni  ity  of  the  water,  'i'hii 
words  ''and  uiiy  wat^r  rightx  conn<-cled  therewith  "  are  not  limited  to  the  iuiiattUi- 

•Fn.mnth  An.  Rcjit.  of  Bu»t<.n  W.  lirt,  fur  yr.  m.l,  Apr.  :il>,  IW*,),  pj..  Til-lft 
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ntt'  luitoct'ilont.  namolv.  Oie  "  otlier  pcinds  and  streauis  "  tlieie  rpferi'cd  to,  litil  iLe^ 
al-ui  lui'luili-  Ijuiitc  i>oijd  itsi-tf.  tiiid  llie  nuleiii  wliioh  mav  Mow  itilo  au<]  fiiiu)  tlio 
iMiiiu.  It  »«s  ili'siyiu'd  to  given  bioud  ami  cooiinelii'nsivi.-  auiborit;^  for  iLc  pnr- 
l«i«i'  i>[  furiiiBhiiif;  ii  supiilj  of  I'lii-o  «atei-  lor  tliu  i^ity,  aud  to  i;oi:fer  the  ijowti'  lo 
titk<<  oVKi'vIliiiig  iiioliuU'iI  vtitliiti  tiie  lUfoiiing  of  the  antecedent  woidH.  so  tar  a^ 
nii^lit  1>i<  iii-L-esKiiry  Un  the  preserviktioD  and  purity  of  the  nuter.  Seclioii  15,  iiu- 
pn"-!!!!;  n|ienulty  fiir  wautuiilT  or  uiiilii-iousW  diverting  iLa  mWit,  ovniir  iiort  Ibereof, 
of  uny  of  Ihii  i»>nds,  streams,  or  watei-soiiitei-  which  shall  be  taken  by  the  oily,  or 
('un'ti|itiiig  tlio  Humr,  or  iviidoring  it  impure,  eoufliitis  this  view.  Under  Ihis 
ttntlioi'ilv.  ibe  oity  uii};bt  liLwfiilly  tnke  nny  water  rigbts  conneclpd  wttb  the  vatere 
tli'WiiiK  Into  L  >ii||;  i>oud,  including  Ibe  piesfiiiitive  rights  which  tbe  plaintiff  iifn- 
tends  tliHt  be  llieii  bad  to  discharge  Kewoge  inui  Pei,iui  brook.  It  ap)>ear»  that  ihin 
liiiH>k  is  iinil  iilwav"  ''*-^  bi»en  a  feeder  of  Long  [wiiid ;  and  rbat  Ibe  whole  of  il  is 
within  four  tiiiles  of  the  [H>nd.  A  |<L-e>fiiptive  right  to  focil  the  uateis  of  a  slreum 
it  iiii-'linl.'d  under  the  term  "wiiler  righ;,-.."  This,  indeed,  is  asserleil  by  the  de- 
(eii-lkijl  in  hiH  answer.  It  in  a  right  in  re»:]>ect  to  the  water  of  tiie  stream :  and  Iba 
Blittiiti>  conftMTi-d  |n>»er  to  lake  all  water  rigbts  which  might  interfere  with  the 
ptii  ity  of  tlie  uniers  taken.  It  is  contended  for  the  defendant  that,  if  it  waK  neces- 
■arv  lo  preservv  tlio  brook  or  the  |mrity  of  the  water,  power  was  grniitod  to  lliecily 
to  take  tliu  lainl  on  ouch  side  of  the  brook,  and  thns  ctit  olT  any  use  either  of  il  ur 
of  lis  wuleiTi ;  mul,  iudtHil,  tbal  tbe  «Hler-i-ight»  coald  not  W  taken  set>arately  from 
thi'  htnd,  Ilnl  it  doe^i  not  «pi>eAr  to  ns  to  lie  necessaiy,  even  if  it  «'»>  eoiu|H-t<'Dt, 
for  tbe  eitr  to  take  ibo  Innd  on  ibe  sides  of  the  brook  in  order  lo  extingni^b  snr 
]iivici-i|itivo  right  to  foul  th.-  waier  of  it. 

.\i«iniing  tliat  tbe  defendant  had  siieh  prescriptive  right,  it  is  further  conlended 
tbut  tbe  oLiy  did  not  take  it  ;  but  thut  Ibe  taking  of  tbe  waters  of  tbe  brooks  ainl 
*tr<>ains  entering  into  Long  pond  only  appropriateil  the  water  as  it  flowed  into  the 
ihnid  lit  the  time  of  taking,  and  snbjeet  lo  all  legal  buntens  and  rises  then  existing. 
This  bowi'ver,  is  too  uarron  a  eonsiniclion  of  the  desciipiion  of  what  was  taken. 
The  city,  after  rm-iting  tbe  whole  v<t  the  tir»l  !>ection  of  tbe  -.lainles,  took  all  the 
witters  »t  ti>tn)c  [kiind,  "und  other  brooks  and  "treanis.  whether  [tetiDaneut  or  teni- 
jv'r.irr,  miteiing  inl.i  ill.'  same,"  "and  all  the  water  rights  tbereiinto  lielongiug  or 
in  any  wi*>  apiwrtaining.  (or  tbe  sole  u»»'nud  t>e«elil  of  said  city.'  This  language^ 
Aivt  not  e\Helly  folhiw  tbe  Ungaagr  of  ibe  statute  ;  but  we  miiuol  doubt  tbal  il 
Wiihl  enough  lo  iii'^'litde  I'egnu  briK'k,  and  iIm'  taking  ul  "all  iIh>  wat^r  right 
llieiviinto  l>eb>tigiiix  tit  ill  any  wi*<>  apiHirlatntog,"  in^tiidm  a'ly  ttgbi  ihi^  euKlin 
lo  foul  ils  waters.  It  is  urgvJ  by  way  of  illtulraiioo,  that,  if  ■  icill  existed 
lbi>  biiKik,  the  rii(hl  lo  ti**  Ibe  mill  was  not  taki-u.  Bat  it  ts  not  twuottnry  to  < 
aider  llutt  .plettian  IteiV.  Il  doan  DOt  ajtpoar  thai  there  was  an*  mill  oB  the  bronk 
If  Iherv  \iits  the  (I'M)  of  tike  wvler  for  tnrni-.i_  aol   (■>o!  the  WbL 

an  )  i(ii>;bl  ihenifotv  lie  i>.ia<iistenl  wilb  Ibi'  -  of  ika  city.     Ba 

III''  ri'.lhl  to  U>v  Ibe  lii<»lt  m  a  disoliargp  t-ir  ^e<>'g>-  in  lan^  ■[uattliiHB^  ftaptaclis 
tty  tti.'  defnn.Uiii.  u  inoxusid^Mit  wilb  »ncti  plupOMi.     II,  tfamfoXh  Ui*  deltiiu' 
)ia>l  iiu  sii>-b  pn^i'iii-iiiv  Ttithi  to  foal  Ibe  Water  of  Pr^n  hntok,  ta  W  cUiti 
su>'h  nghl  uw*  itkeTi  and  e^Uii^isbnl  by  llw  art  of  tbe  eilT  muter  ihr  Stalnte 
l^l>  ^   a'ld  bv  Seeli,  r  o  .1!  ili&t  >o<  tbe  etiy  ww!i  liable  In  par  all  dmMMgts  ---.i^i-lT^f 
Iben-by.       'Pttu  il  f  he  "n'ttainnt  ilamafrr.  nitghl  bare  i^iplic-i 

liiMt  lor  IIh< asM-»>'i  .'.'tat  any  time  within  iktve  r««n  fiom  M>r 

Tlii*  inuevlr  wat  ihe  evrlaMva  o«e. 

It  w^i  i-.:>i  lerixit^Iy  iiiuteuiln]  in  IW  arfr*>u^Bl  ibat  tb»  Jlifrwitot  Wa  anqurvd 
k  l>'  I  li>  (ofll  Ibe  w^  the  t^kiBt;  br  Uw  city  in   IS4d, 

|i«v\  --MiW  lui*  he  ■■  .-H'tie  tbe  fuulins  of  Ibr  water,  satca  I 

nebt  In  '  .Id  U-  J.  '.  -.itMw.     UfMoa  r.  Mook,  15  Onr,' 

S7C     II:  Ji,  Wt  M  i*. 

Ffttai:'  :-<'u>inl  htr  the  >i'  :<  r-.i^-i;   ilMt,hT  wnaa   nf 

•nrtnl  ^  •>  lbs  ■NMIlh  k(  lb*  l>Tix>k.  uuce  Uke'tmki^c  faa  IMA,  ibe 

«(  INwau  '■::'•  ->i\teMiMkt«  tbvwwMT  ofilwpmJ:  Bikl  tb«.l 

fim^  ibe  .!<|MH^  tMw«Tvr,  m  a  faM.  tW  tbe  wwMr  t4  Am 

bMnk  i'.  .  .       .    .  u#  tUe  il»A«ilMtt      TW  c«lT  h*<  a  rigM  to  b* 

|miM<tAl  ac^iiMi  IM  ttvowamr  "^  iiM>»ta)iu««  wwdis  kr  lh»  |ct  wctMioo  at  the 
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arilv  of  t\ie  vrater  Iroui  suob  ii  cause.     If  the  acts  of  the  defentlaut  in  fonling  tlie 
im  ii.i\  1.-  iiiiiili-  it  necessary  for  the  city  to  reaurt  to  oitiuviiliiiary  menus  for  ]ire- 
ng  ilii'  imniy  of  tlie  wnter  of  llie  ponit,  Lt;  catimtt  justify  liie  eoiiliiiiinni-e  ol 
illej^ikl  fouling  Ity  aliuuiug  that  tlie  city  hiis  tiiiis  far  licuii  able,  by  thu  iiiiun- 
aiuuicti  of  sjiecisi  woilis,  Co  ]ii'event  tlie  uatmu!  lesdlt  of  hia  acts. 
The  result  is  tlmt  the  petition  for  »n  injunction  in  maintained. 
Injunction  to  if  sue. 

CH.«jrELLoii  Kent's  Viewb. 

KcDt  has  justly  observe! I  in  his  Coiiiinptitjirit's  "that  the  nfttiire  and 
extent  of  the  right  lu-quireil  by  prior  <n:cui>aucy  of  a  viinniiig  stream 
bei'oriies  fretjiiently  an  impoi-tant  ami  vexatious  question  between  dif- 
lerent  ripurian  |>ii>prietorn,"*  and,  without  fjointr  into  his  views  exten- 
lively  in  this  couneution,  it  is  suffii'ient  to  Hiiy  tliat  the  tendency  of 

Lru^rican  law  aa  indicated  by  thi^  decisions,  is  ou  the  whole  in  the 
iiriiftion  of  an  abridf,'iii('iit  of  the  right  to  pollute  by  reiwon  of  imI- 
ferse  posseHsion,  though  ivent  says  that  if  sui'U  occupation  of  a  stream 
corrupted  it  in  quality  has  existed  for  «o  b)ng  a  tiino  as  to  niise 
kill'  presumption  of  a  grant  lUid  which  pri-siiiuption  is  the  foundation 
)f  a  titlo  by  prescri)»tion,  the  other  party  whose  laud  is  below  must 

ike  the  stream  subject  to  suL-h  adverse  right. 


Cioci.n's  DKi'ixrridx  of  PuEscjurTKiN. 

Goulii  has  dftined  the  law  of  prosi-ription  in  its  ajiplicatiou  to  water- 
Bunrses  in  tliis  (.-o.iiitry  with  gient-flearness:  aud  his  numerous  cita- 
tions of  recent  cases  are  evidence  of  the  most  painstaking  thorough- 
aes»'  Acconling  to  hiiu  u  prescriptive  right  in  the  waters  of  a  stream 
call  only  be  acquired  under  substantially  the  following  terras  and  con- 
ditions: 

(1)  The  enjoyment  must  have  been  unintennipted,  advei^se,  and 
under  a  claim  of  riglit,  and  with  the  knowledge  of  the  owner. 

(2)  The  naev  must  have  been  inconsistent  with,  or  contrary  to  the 
interests  of  the  owner,  and  of  such  a  nature  that  it  is  difticult  or  inqios- 
sihlfl  to  account  for  it  except  on  the  presumption  of  a  grant. 

(3)  TliL-  adverse  use  must  be  att-nded  by  circumstances  of  such 
notoriety  that  the  person  against  whom  the  right  is  exercised  may 
have  rejisonable  notice  that  the  right  is  claimed  against  him, 

(41  The  enjoyment  must  be  as  of  right,  and  not  by  license  or  mei-ely 
ponnisKire. 

^.^l  The  burden  of  proof  rests  with  the  person  claimirii,',  to  shi>w  that 
the  nm-  was  adverse,  uninterrujited,  and  known  to  the  owner  of  the 
Iftud. 

(6)  PreBCriptive  rights  are  limited  in  extent  by  the  previous  enjoy- 
*  Ki'ril ;  CommoutucicB  on  Aidcocui  Law,  ko,  4411. 
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ineiit  ami  cannot  be  materially  varieil  to  tlio  injury  of  others.     Tiiil 
(tuiiiniits  tu  siuinj:  that  one  pi-oprietor  cannot  acquire  the  right  bj 
|)rcMcriiitiim  to  pollnte  the  stream  to  a  greater  extent  thiin  it  waa 
luteil  at  the  eiuiiriieucemeut  of  the  20  yeai's. 

Gonhl,  in  common  with  the  other  legal  writers,  affirms  that  " 
rijiht   {•>   pullute  a  stream  tu  a  greater  extent  than  is  iicruiiasibie 
common  rij^ht  may  bo  acquired  by  prescription."     iiiit  the  comlitioiiy 
as  detineil  in  the  foregoing  indicate  that  prescriptive  rights  to  polh 
iug  are  limited  in  thin  country.     In  jiuy  case  a  public  nuinauce  canndl 
be  prescribwd  for  howsoever  long  the  ailverae  enjoymeut   may  hav^ 
exiated. 


English  Cakes. 


,t  hi 

I 

ie  o~ 

nol    I 
-   uav^i 


In  Euglaud  mauy  OAses  have  ariaeu  where  riparian  proprietors,  ag- 
grieved by  the  pollution  of  stream;^,  have  applied  for  injunctions 
reetraiuing  the  offenders  from  coutiuuJug  the  pollution.  The  frequent 
suocess  of  such  attempts  are  .stated  as  among  the  tirat  canses  whicli  1p<) 
to  attempts  to  purify  sewage  aud  manufiictnring  wastes.* 

The  right  to  pollute  streams  has  been,  however,  iu  some  cases  iu- 
cluded  by  prescription  iu  the  easements  of  estates  ou  the  banks  of 
streams  iu  KugUmd.  Mr.  Slater  cites  the  case  of  a  calico  printer  who 
began  experiments  on  the  pnrilicatiou  of  the  waste  waters  from  bis 
works.  Shortly  after,  lie  received  a  formal  letter  from  the  groUQcl 
laudlonl  warning  Itim  that  by  mi  doin-;,  lie  was  euiperilling  one  of  the 
pr<^8cripti ve  rights  of  the  estate, -Hud  c(>uscf{iiciilly  violating  one  of 
the  covenants  of  liis  lea.se  A  clear  case  in  which  a  niisjipplicatinn  of 
the  law  has  led,  iv  Mr.  Slater  ivmarks,  t"i  mukiug  river  pullntiou  not 
only  facultative  but  it  dear  duty. 

The  English  courts,  however,  have  frequently  gone  to  extre 
lengths  iu  protecting  the  i-ights  of  partie;)  against  pollution.  Thus  iu 
the  case  of  t7ohl«mid  r.  Tuuliridtrc  Wetla  Cdmniinsioners.t  the  ptaiutilT 
was  t«uant  for  life  of  an  enlate  iu  \i  hich  was  a  pond  used  for  watering 
(Tattle,  and  in  tnnler  for  supplying  ice  for  domestic  use.  The  defend- 
ants were  o"mmissiouer>i  with  fall  power  to  make  sewers  and  drains,  nod 
turn  sewase  into  any  water-i-iiurse.  Th-  sewage  was  ilis4-liarg».'<I  into  « 
brook  flowing  through  the  town,  and  which  run  into  the  plaintiff'a  pund. 
The  town  grew  coustjintiv,  and  thus  what  .tl  first  was.  in  th"  language  at 
the  t'ourt,  "au  imp»Tceptil»le  injnry,"had  so  incri'tisfa]  in  the  course  at 
yi-jt'^^thal.  at  the  time  of  britiirins:  tb"  acliiMi.the  water  in  the  plaintiff's 
piud  hnii  b^-ouu*  nnfil  for  either  w.iteriui;  cuttle  or  famisblns  tcf.  It 
held  that  the  dtscharg*-  of  the  t^waae  of  the  town  JDto  the  brook 
nttumnri'  «nd  the  commissitMiers  were  rv^tniinetl  froni  txiDtinains  it,' 

-  J   vr  sialic    Sm*<<  -n-uaol  T-uUialMa   wid  nillltiiw,  ^  US. 
*  GlIImjiI  '   T-akrMi*  Write  OaiwnlMiaMnt  1.  H  L  Oh. «« 
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ObIOINAL   Al'I'UCATIOS   OP  THK   DotTKlNE   OF    .VdVERSE   PtlSSEHSION, 

The  armaments  aiul  casee  cited  iu  tlie  preceiliiip;,  while  uot  in  auy 
Benae  exhuustive,  will  serve  in  a  general  way  to  indicate  how  the  views 
in  repaid  to  the  ri'.'lit  ul  indkition  li.y  adverse  posseswiun  aie  likely  to 
!«■  luoditied  as  such  cases  becuuic  of  more  importance  throiighout  this 
country.  In  order  to  whow  somewhat  more  clearly  the  further  origiu 
of  the  doctrine  of  prusci-iptiNc  ii!,'lita  iu  natural  water-coui-seSj  the  fol- 
lowing skeleton  of  tbe  subject  imiy  be  deemed  sufhcieut: 

As  already  noted,  the  doctrine  of  adverse  possession  iu  its  fii-st 
inception  must  he  considered  as  having  applied  to  Luid  only,  and  its 
application  later  to  rights  in  natural  water-courses  is,  as  also  noted, 
an  extension  of  the  doctrine  by  analogy.  In  the  case  of  land  mere 
possession  does  not  siiftice,  there  must  be  some  show  of  title,  and  as 
strengthening  the  show  of  title  the  pei-son  claiming  may  he  deemed  to 
have  possessed  and  occupied  in  the  following  cases  :  U)  When  the 
land  has  been  cultivated  or  improved ;  (2)  where  protected  by  a  sub- 
Htaiitial  enclosure;  (3)  where  not  improved  it  has  been  used  for  the 
supply  of  fuel  or  fencing  material  ;  aud  (4)  whfre  a  known  farm  or  de- 
lined  lot  has  been  partly  improved,  the  portion  of  such  known  farm  or 
lot  that  may  have  been  left  uncleared  or  unenclosed,  according  to  the 
local  custcun,  shall  be  deemed  to  have  been  occupied  for  the  same 
length  of  time  as  tbe  part  improved  or  cultivated.  None  of  these  can 
ID  the  nature  of  the  case  by  any  possilulity  apply  to  rights  in  a  water- 
course, and  therefore  user  alone  must  be  deemed  the  all-sufficient 
reason  for  the  acquirement  of  a  prescriptive  title  in  a  water  course  by 
Bilvci-se  possession.  But  the  doctrine  of  tiHTiei-ship  by  mere  user,  even 
though  enjoyed  long  euough  to  justify,  in  the  absence  of  any  other 
proof,  the  presumption  of  a  title,  is,  as  we  now  undci-stand  the  matter, 
in  its  application  to  streams  a  had  custom,  and  may  be.  so  far  as  the 
right  of  poUution  is  concerned,  safely  abolished,  by  rulings  of  our 
courts  in  line  with  the  recent  additions  to  human  knowledge  iu  the 
realm  of  bacteriological  science. 


The  Relation  op  Legal  Principles  to  the  Development  op  ScmNCE. 

The  di'Velopmeut  of  thia  view  through  the  additions  to  knowledge 
which  have  followed  from  the  recent  studies  in  the  etiology"  of  disease 
is  a  very  striking  illustration  of  how  after  all.  everything  in  the  mate- 
rial universe  is  relative.  8o  long  as  mankind  looked  upon  disease  as 
an  infliction  of  Providence  tln-re  could  be  no  general  conception  of 
the  danger  arisju?  trnm  the  contamination  of  a  luiblic  water  supply. 
This  is  tiuely  illu!<tmted  by  the  conditions  which  esist  to-day  in  mnnv 
parts  of  India.     The  natives  believe  that  the  causation  of  disease  is 
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bi-yomi  tlifir  conh-ol  tiud  refuse  to  accept  any  explanation  of  au  epiJ 
demic  of  cholera  other  tbtiu  thiit  it  is  a  \isitation  from  tho  gotls. 
Holding  tliis  view,  thoy  see  do  objeitiou  to  iilatiug^  thcu-  privieh  where 
tile  ooutL-utfi  ilrtiiu  iutp  itservoiiTS  from  which  water  supiilies  are  lirawn."^ 
Nor  will  they  yet  listeu  to  the  plaiu  teachiiijca  of  experience,  the  resnl 
bciug  that  in  many  localities  where  such  eomlitions  exist,  eholera  is 
never  absent.     The   imsiuiitiuy  comlitioim  pRMlut-ecl  by  the   ludiuu 
water  tonka  recei^■illg  quantities  of  privy  ilraina},'e  antl  other  objectioi^H 
able  organic  matter  is  iuteusideil  by  the  climatic  conditions.     In  many^^ 
loraiities  the  entire  water  supply  must  Ive  stored  thronfh  many  months 
of  tropical  dronght,  and  the  stored  waters  by  reason  of  the  deveioj 
mciit  of  large  quantities  of  infusorial  and  cryptogamic  growth  becoii 
in  the  end  disgustingly  offensive. 


The  Mill  Acre. 

Thi^re  are  iu  moat  of  the  States  a  series  of  enactments  known  as ' 
Acts,  which,  founded  in  an  extension  of  the  ditctrin^  of  eminent  d( 
wain,  have  as  their  object  the  encounigeinent  of  the  erection  of  mill 
In  onler  to  understand  thoroughly  certtiiu  modifications  of  tht;  coin 
mon-law  principle  in  refiTvuce  to  the  pollution  of  streams,  which  ar 
essentially  peculiar  to  this  country,  we  may  briefly  consider  the  funda- 
mental application  of  the  law  of  eminent  domain  to  rights  iu  imtural 
watf-r,  t4>gether  with  the  cognate  extension  of  the  question  which  nat- 
urally arises. 

The  Law  <»  Eminkst  Domain. 

Smineut  domain  is  de6ned  as  the  right  which  the  .govenit 
tvtainsover  the  estates  of  individuals  to  Hppropri;ite  them  to  public  use; 
but  the  exercise  of  this  right  has  nevertheless  att^u-hetl  to  it  as  a 
ntHvssar>*  attendant  condition,  the  principle  that  due  money  rompon* 
salioii  shall  l>e  made  to  every  indiviilnal  whose  piuiwrty  is  taken,  by 
oi»eratioii  of  the  law  of  eminent  domain,  ivithoul  his  ciius«'ht. 

The  aathorily  for  the  exen-is.-  nf  this  tntnsi>endent  power  can  on 
emanate  from  the  legislatnn*^  Stale  or  National ;  uid  the  extent  Knd 
einmnstooon  rawW  which  it  may  W  exen-ised  »«<  lUDong'  tbv-nost 
jtwpnttmt  qoestious  Mhich  can  arisi?.  In  Englaud,  as  with  us.  there 
most  l>e  a  public  object  of  a-lequate  iinportancw  in  otd^r  to  instify  it« 
use,  but  Parliament,  as  the  supremt-  power  in  the  kiDsdooi,  m«r 
express  terms  defiae  to  what  exti»nl  the  right  mav  be  transferrtsl. ; 
to  n>ri<oralions,  private  or  motudpal,  etc. :  and  may  also  by  statnt^^N 
eiMctiDeDl«  define,  ID  a  general  way.  the  methotls,  ternts,'atiit   c<>n( 
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tioDS  of  L'ompensatioii.  The  conserviitive  spint  In  Unglnml  has,  how- 
ever, iisiiaUy  led  to  emiwdyiiij''  mleqiiute  coiiipeiisiitiuu  i-laiises  iii 
acts  uiithoriziug  the  eseroise  of  emineiit  domain,  iilthuiigh  tlio  extra- 
ordinary i»owora  ironfeiTed  upon  some  of  the  English  railways  are 
without  pret't'dent  here. 

In  thi"  CunKtitiitiou  of  the  United  Status  it  is  dotiued  by  thti  fifth 
article  that  "  jiiivate  projiiirty  shall  not  be  taken  fur  piihlie  line  with- 
out juat  fonipeusation."  and  if  any  legiHlature  should,  by  enaetuieut, 
overstep  this  plain  constitnlianal  prnvisitm,  the  cmirts  could  stejiin 
and  by  di^eision  nullify  sueli  at-t  as  nut  within  Ihe  cuiistitntiniial  jiuwers 
delegated  by  the  pt!0|de  to  the  legislatni-e.  Thus  the  legrislature  has, 
within  reasonable  linjitn.  the  power  of  determining  whether  a  pai'tieu- 
lar  use  is  publiir  or  private,  although  the  tiiia]  decision  iu  a  doubtful 
case  may  rest  witli  tlie  eourts. 


ChIKK   .TlTHTICE   BuiEUJW    ON   EMINENT  DuSLUS. 

The  subject  nf  definition  of  the  line  between  public  nue  ami  private 
use  wan  treated  in  a  case  in  Massachusetts  by  Chief -Just  ice  Bigeluw, 
in  the  following-  mauiier  :* 

III  tn»iiy  ("uses  (tipie  ouri  l>e  no  <litti<!iiltv  in ilelfrmininK  whether  an  appropriation 
n(  pi-ojiurtv  is  for  n  pTiblii;  oi'  i)nvatf  n«e.  If  lain!  is  taken  tor  n  fort,  a  CHtial.  or  u. 
bigliway,  it  vvoulil  nlcinly  fall  witlijii  the  lii-*t  class  :  if  it  wn3  transforreil  flora  oiio 
pel'sim  [o  anMlici',  or  to  «eniiiil  jiersoiis,  solidy  tor  tl)i;ir  peclilini'  benefit  nnil  flilvai:- 
it  woiilii  ris  dearly  cnmi'  williiii  lln'  Mpi'uiiil  clnss.  But  tlierenro  iuternii'iliata 
H.  wlierp  pnliliL-  and  |)riviiti'  iijteiest.H  ai'i;  lilc iuKhI  to'^'ellier,  in  which  it  hcpomos 
iHarc  (lifiiciilt  lo  ilt'oiila  within  which  of  the  iwo  clii.s«ert  they  may  lie  pi'operly  Haid 
to  fnll.  Tiierp  is  no  tiieil  rnle  or  stimdaivl  by  wliicli  Riifh  civie-t  pan  be  trieil  and 
dnteriainfil.  Each  rniint  npcesssiily  dejieiid  iipoQ  its  own  pepuliar  t'lrcuniRlftnces. 
Many  enterprises  of  the  liiglient  ]iulilie  utility  are  prodnetii'e  of  nieal  and  inmie- 
cliale  benefits  to  individuuls,  A  lailruad  or  canal  may  Inrnely  enhance  tlie  mine  of 
piiv-ate  pniperly  situated  at  orniinr  its  termini,  init  it  in  not  for  that  reason  any  Iphs 
a  public  work,  for  the  eoiintrni''ion  of  whii-h  private  pro|)erty  may  well  be  taken. 
.  ,  .  It  has  never  been  deemed  essi-ntial  that  the  entire  community,  or  any  con- 
siderable portion  of  it,  should  directly  enjoy  or  jiartieijiale  in  jm  improvement  or 
eaterpriie,  in  order  to  conatitnto  a  public  use  within  the  true  meaninu  of  the 
Wfints  of  the  coufltitntional  limitation.  Hncb  an  inlerpretntion  woiild  prently  nar- 
row nnd  cripple  the  ant!iority  of  the  LeRislalure,  so  fm  to  deprive  it  of  the  power  of 
itxertiuK  11  material  and  beneficial  intlnenceou  tbi;  welfare  and  proaperilv  of  the 
I  8lnt«. 

In  a  bronil  and  corapreheniiivc  view,  Hncb   an   has  been  heretofore  takeu   of  the 

I  winstiactii'M  of  Ihiii  cliiaHe  of  the  Declaration  of  KiRhts,  eveiything  which  tend*  to 

I  •?nlarKi>  llio  rcsonrees,  increase  the  indnstinnl  eiierj;ies.  and  promote  the  productive 

imwor  of  any  pon>iiilenibl»  number  of  th"  iiihabitflnts  of  a  section  of  the  HIate,  or 

which  leads   to  the  growth  of  lon-na  and   llie  creation  of  iiewwiuives  for  the   em- 

,  plovinoiit  of  private  capital  and  labor,  indiri'clly  cuntiibiiles  fo  the  [general iv-'lfare, 

ami  to  tlip  |iros|icrity  of  the  whole  community      Tt   is  on   this  principle  that  many 

I  of  the  «tatuti.'K  of  this  coninionivcalth  liy  which  privnto  properly  has  been   hereto- 

'  (ore  taken  and   appropriated   lo  a  Huppo«i'd  ]inblic  use  arc  founded.     One  of  the 

iMrliest  and  most  familiar  instances  of  the  cscrcii^e   of  hucIi  a  power  under  tho 

•BgntoDftnil  Raxbiir;  M,ll,  Cup  ...  :;  wn  .!i    Vi  rink.,  476, 


112 


SKWAOK  DISPOSAT.   TN  TnE   CNITED  STATES. 


Cnnstitiitioti  is  to  Im  fouiul  in  tliP  Muss.  St.  17il5,  c.  74,  Sec.  I,  for  llie  erection 
nnil  rr<v!il^'i"i>  "f  uiJIln,  By  this  ^rnliit«  iLo  owner  of  u  mill  liait  ]H.iuei'.  (or  tlie 
)>iir{)osc  uC  nuMiig  »  lieul  ul  wutiT  [uopemtp  Ins  iiiiUi  to  over  flow  tlie  luiitl  of  kq- 
IMT-rigmriaii  pviiimi-tm-^,  imd  Uu-ivliy  in  lake  a  |M?i'uiniieut  eu^mieni  tu  I  lie  noil  of 
wiotlicr.  to  tilt!  piitire  Jestnjelion  of  its  beiiclidBl  nsi?  to  liim,  on  iiayiiiu  u  li^uitable 
i*oiii|H>iiKiili()u  tlici'cfiir.  L'uili'i'  tlit^  rJKlit  tliui  ooiifen-eil.  tlii.-  iiioru  ilii*ect  benefit 
wti.s  to  till'  ixviii'i'  ul  tile  mill  only  ;  jii'iV)ii<.>  |>i'0|H.-i'ly  viun,  m  uITolH,  taken  anil  Im: 
f^nvrl  (mill  oNti  iiiilivi.tinil  |.i|-  tli^  lit'iii'fil  o(  iinotlier,  anil  llu-  only  piililic 
•which  was  tlteivbv  Milisfi  vml  n'»x  Ihtt  iuiliveot  l>«iit^tit  ri.-L'<'ir>?<l  liy  ili^  cooiniiiuil^ 
liy  tliii  plvction  of  niilli  fur  the  conveiiieliee  u(  tlie  lieiyhlwirliiUHi,  Aiti!  iho  gi-ucnl 
Bilvuiituge  whii'li  Hccriieil  lu  liiiili'  itml  itgrit-uitiiio  by  iiteioa^iiii.'  tho  fni^ililics  for 
Imnic?  iiuil  tlif  consimiiilion  of  llif  jir<«lin-ts  of  Iho  soil.  In  liko  ni-iiiiier,  miJ  (ur 
siiiiiiHr  [luijioses,  iii'ts  of  itn'orjioiHlioii  liiivc  l«<i-n  sraiiteil  In  imlivi.IuBls,  with  aa- 
(liority  to  [-[vnlf  \nTgv  mill-]Kiu hi---  for  luaiiufikctiiiiiiEi  tstu1)li^!llUF^Is.  by  taking 
prirato  iiroiioi-ty,  evon  lo  tho  exlfiit  of  (Wtroviug  otber  milk  luiil  waiter  [irivilugi 
on  Ike  SMue  stream. 


lOfit       I 

iil»n 


The  Vkdkblvis«  PBiJiciPi,F.  or  the  Miij.  Acto. 


I 


HttviiiK'  ilffiui-d  somo  of  Ihf  more  imiKirUnt  leatareR  of  the  (loctrine 
of  eiuiuviit  iloiuiiiii  we  may  How  procei-tl  witli  tiie  (]iKi'aifsii>Q  of  the 
Mill  Ai'ts,  lUiil  their  I'ffeet  in  iinu-ticaUy  luoilifviug,  iti  soiuo  uf  the 
Stntes,  the  t-uutmou-lHW  nile  in  roftrfuco  tu  ^\^v^  possibli?  piiblu-  uui- 
tMno«  cftUtMHl  I\v  iiiilhitiii^  iiiniiiii^  stn-nius.  The  ©lercise  of  the  p 
niputivo  of  sovt-n'im'ty  in  tlit'ir  ou»rtmeiit  fan  only  W  justified  on  th 
irroiinil  of  thr  imliUc  ^ooil.  nm\  their  original  iaception  tu  the  earl.r 
eoloniiil  periixl.  whi-u  milts  for  fn^ndiiig  ooni  were  an  imperative 
necessity,  is  nsuully  urg^'d  us  (heir  reason  for  heing:.  Their  effi 
ill  ailthoriKinjB;  the  overflow  of  another's  land  foutrary  to  his  wis 
on  payiuent  of  a  money  consideration,  has  lieen  to  nullify  to  so 
extent  by  slatnto  the  uatural  right  which  ever}'  lipnruw.  pruprii 
has  lo  the  niitural  How  of  a  stroam. 

In  Mit.-^'wvhiis.'tls,  where  ni!inufa(-tnrin*r  has  a]wa\-s  Wen  n  c 
tHvtipalion  of  tlu«  |»eople.  the  statutorj-  law  eiicouraj;ing  mills  is 
aucient :  and  the  si-veral  snecessive  enactmenta  in  that  Slat«  may  be 
cited  as  ahowiiii:  on  thi>  wtiolr  the  l>est  developmetit  of  tliis  particular 
phaae  of  the  stihjeet.  The  M:iSMai-ha»etta  lu-ts  havt-  l>een  the  Ijasis  of 
most  of  the  airailnr  lawT*  iwissed  in  the  Xorth.-ra  and  Western  St»: 
while  the  orig-inid  Virginia  ael,  which  diff<-rs  «er>-  autterinlly  from  Ihi 
Massachusetts,  has  Ht^eii  the  Imsis  of  similar  acts  in  the  several 
8i>ulh<-m  Stat<'s.  In  Knelaad  in  eariy  tuaea  the  eonstmetion  of  tui 
was  eutiHinun^l  in  a  ilitfentat  tnamter.  Milla  w^re  NMrt«tl  by  lonU 
DMoors  oo  their  respecliva  dnnaiua  tor  the  pnblic  advanta^,  the 
beuig;  Mtcretl  hv  the  nwditiiui  that  the  [teople  of  ih<^  r-  - 
aagtuonte  twiit^  their  rom  to  be  ifiound  ai  the  mil'-  ^i  l><! 
OQstom  being  ealli^l  "  <K>ini*  suit  ~  to  the  mill'  Tlie  Amenoui  act*, 
homvrvt,  aa  foai».U<tf  in  the  hn^ailer  prinHpIe  of  the  pabltc  Bood  and 
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as  extoiiiliiig:  the  Jootrine  of  eminent  domniu  to  the  acqniHition  of 
rights  iu  running  wiitor  iint  aiitliorizeil  by  tin.-  ciiiuiium  Ihw,  urv  purely 
a  deyelopmi.'ut  from  tlii;  couclitions  of  intLirdepemlt^Ufe  «muiifr  the 
people  wliieh  existed  iu  the  early  coloiiiiii  Anyn.  The  progressive  de- 
velopiiieiit  in  iiiowt  'if  the  niiimifiLcturing'  Stiites  liiis  let!  prfteticiilly  to 
the  ennnciiitiiiii  of  lej^-al  piiiicipleM  sDiULnvhjit  LUfl'urent  from  lUiy  of 
[those  ilerivetl  liy  precedent  from  the  Ihws  of  En^^land.  These  new 
priiicipliis  Clin  hanlly  be  eoiisiilered  iw  fully  ustablished  in  all  piirtw  of 
tile  eouiitry,  although  cleiirly  iu  the  line  of  the  immt'iuorinl  policy  of  a 
number  of  the  States.  Thus  New  York  Stute  nuiy  be  eitcil  iis  one  in 
which  no  Mill  Art  him  ever  been  enacted,  and  the  Supreme  C'ourt,  in 
the  case  of  Hoy  r.  Cohoes  Co.,*  say  "  The  Li?gislature  of  this  StHte,iti» 
btilieviid,  hiis  never  exercise.d  the  right  of  eminent  (lumiiiu  iu  favor  of 
mills  of  tiny  kind.  Sites  for  steam  engines,  hotels,  churches, and  other 
public  conveniences,  mifjht  as  well  be  takrjn,  by  the  exercise  of  this 
extraordinary  power,"  The  prevalence  of  this  view  of  the  matter  in  the 
State  of  New  York  luw,  jiowever,  opeiiited  to  materially  discoiimge 
Bttch  development  of  mannfactiirinp;  interests  as  depend  upon  the  con- 
struction of  larjre  storage  resen^oirs  at  points  remote  from  the  place 
where  the  stored  waters  are  required  for  use,  imd  in  various  other 
ways. 

Thk  Pkin^jiple  op  Pekkissive  Polldtion. 

The  Mill  Acts,  while  originally  intended  merely  to  secure  to  parties 
wishiJigto  build  mills  the  right  to  How  the  lands  of  others,  have  never- 
theless led,  with  other  causes,  to  the  development  of  what  may  be 
termeil  the  principle,  of  permissive  polhitiou. 

Again,  it  may  be  further  said  that  their  enactment,  by  tending  to  en- 
courage manufactures,  has  led  to  a  tacit  modificatiou  by  statute  of  the 
t  common-law  rule  in  reference  to  moderate  nuisances. 

The  Views  of  the  Massmhusetiw  Drainage  Commission. 

The  Massachusetts  Drainage  Commission  of  1884^5,  discussed  the 
various  questions  involved  so  broadly  that  we  can  hardly  do  better 
than  to  conclude  this  chapter  by  extended  quotations  from  their  report. 
^The  Coinmi.'^sioners  say: 

untaotnririK  indiiBtry  baa  from  the  earliest  days  been  grcotly  favored  liy  the 
[rBiakers  of  Mussi«;!iiisi'tt.,'i.  To  foster  and  eucourriKo  it  they  long  ago  siibs'tnnt.i- 
'  di'<lifate<l  the  nniinviKable  ruiininji  wnters  of  the  land  to  its  use.  Believinji  ita 
proHiierily  esaentinl  to  tlie  common  wplfare,  the  Leijislatiire  has  notiip«itatpd  tostep 
to  the  very  verge  at  its  constitutional  power  to  atiniuiate  and  maintain  it.  For 
more  than  hall  a  ceatnty  persons  have  been  anthoriMd  by  law  to  dam  up  Btreama 
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*  Hoy  r.  L'oliom  Cu.,  3  Barb.,  43. 
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Kud  QoihI  luiils  ot  otiwra  for  their  own  prirftte  luaimfftcturiog  euds.  This  taking  of 
uUf  uiHii'n  prv'i>erlv  nf^itisl  liis  will  fur  the  iniliviilual  bfiielit  i>r  nuotLer  liu  lieen 
jiiHiilltHl  IV-  a  jJiMiier  i>\.^ivist-  of  the  prerogative  of  eminent  tloniaii],  on  tlie  ground 
of  111"  nilvMitkgp  iDiiriiig  til  ili<<  jmlilit'  Fioui  the  iui)>Juveiuent  of  wnter  jiowi-i',  and 
th<'  int|H>r(Ancc  ot  eiii'oiiiit^iig  aiaiinfiiotm-iis.  It  has  boeu  siii>|ioi't«l  aNo.  a|<oii 
till-  |>hu>'i)>]ti  wliich  ininiiiis  iho  Stale  to  i'.>iu).el  thi-  sfveraJ  iK>sBtn«iois  of  a  I'l.iniuuu 
iiili-ivit.  wliieh  llii\\  i-tiiiiiiil  iMiietloially  enjoy  iu  sevenUly,  to  suhmit  to  nieM^urea 
(Hiiiheiitial  to  sefiire  u  full  Mu\  iiiiitlluble  use  o(  ibeir  propi'iiy. 

A'<  a  iri'iierwl  {XMiiiiition  i<f  Init'  it  in  liud  down  thut  the  owueis  of  the  lied  anil 
lauikH  \t1  a  hIivmu  Imw  the  ri^-hl  to  list-  the  ruaniiij^  water  iu  couinioii  (r»m  iln 
SIH1IV11  to  ila  iiuUel.  I'jtvh  »iii>  hat  an  ei[aal  right  to  its  tvusouublo  nsr  as  it  flows 
)>y  hii  land.  This  right  >if  t>iieli  is  liiuit<-d  hv  the  lik^  rii;ht  of  every  otliei.  Bnt 
thi4  spiVMl  i)n«lilii'd  iiioin'ily  of  th«  iu<liviiinal  in  iho  water  iloes  not  m^iu  to  ei- 
I'liidp  a  i^eufiul  iKiinmuiinl  inloii'st  which  the  |>ubli<.-  retains.  Cooaciqiieolly,  while 
Ui>  Olio  nui  jut'lv  diiiiiiiiKh  hia  itci^hlHir'^  eiijoyment  Itr  grcwtty  viliatiog  lh>^  water 
ilni'iuit  hia  ouu  sh<-i1-livt-d  liruniT>  of  it.  nriihi-r  may  W  tlrvlroy  or  i^ivally  ini|>air 
iW  )>i)lil)0  jir»n>»>rly  in  ii.  The  (ai-lory  or  \hv  uiill  way  leiiiiK>nmly  iiinnoi>oliw  the 
Aiivi,  tint  tl>t-y  il»  »a  uiiili-t'  an  iiu|>lieil  agm-mpul  not  )••  v)»iil  the  wwter  for  the 
ordinary  UH<d  o(  ihi-  |M'o)i]ti  in  ^i-ni-i»l.  If  tlivy  i-nlhi'i'  iLe  htreaui  anilaty  th^j 
TioUte  tlu'ir  liivusi-.  and  uiav  W  ii>iu{vU«l  to  il«i>>  iLt-  tini>»!ice  tl«-y  have  Bi«d«. 
U'lt  uhili'  it  1^  (itt>y  to  Lay  linvti  \'  .-•-■•-■■•  -  t:  in  not  ■•'■y  to  tnsiet  U|hjii  ita  rigid 
■|>i4 11-311  ii-n  nilhoTit  d»ii),*er  o(  v  and  of  {roalialiagtha  iauaemoriai 

Siliry  i»f  Uw  1\iaimon«rv«lth.     A.  .,.-  .i  ,    '■■^'—<—r,}  irf  a  rul*  lorindHitin  anj 

Akuiv-ul  wlt«iC'V>>i  miulii  nun  laany  nuU-oa«-'   -  f  lull  tlte  watrr-wbecls  of 

1)m>  Kfatliv     S,Hw  diuiiitnliiuk  of  )itirfiT  ia  t&«Tiia  :<>kralil*.  whiieo' 

tUHiLMtioii  U  uunnvsHAty  iw  i-xniurw.     IW  Aittnalty  tim  ta  di- 

(•tfiliniatK  hv«u  the  tli<stru<-lixT  im^Wl     A  ntislartocy' JcfinitiiKi  i-  

Km-h  >-*'«i<  diA'vi's  a  link-  tiiuu  the  bi-it.     TW  rin-iiMnUito  i  Bay  Ih  mlik*. 

All  «tll  OKix-o  thai  <••<»•>  k)i»U  ■•(oinu|t)>ott  tuay  iciiu— My  i>v  tii^  *  wiib. 

Noting  fi>r  )'X>nijil<%  )w>t<-«)>U  tl.at  b»  ooa  ngbtfaltr  (lonr  kniBan  nv:<-u«et  and 
|ioUM>tHikl  tUlh  into  IW  wain  Ivtow  Lis  ikm.  Xeilbr  eaa  br  jostify  ilnnt'dng  into 
tlx  .Ila  th*  u«hvr  haod.  tfar'nuot  «UUtUig 

tKi  -  -iinwifij  washed  twm  mib  Uliiriilli^  nf 

im.>u:iiif>.  <iiv  Miji'ii  iKuii  ><t  ki'i-ivii  i.iwi<  vt  Laflm  i  dbcMk^ts  of  iIm  efmneaosnt 
ataia  i«f  tlyim «tiK4  u« a<4  vuwkihwMt.  Tb«  task  j»  to  iJiniiiwinirii  tbn  nriety 
of  ahwdynt  ot  imimiiiy  «)iii4i  «cr<at  hHwwtt  ibi>s*  wMrnww 

T1h<«  lh<i>ri>  ii  a  I'iiuH  >4  <<asn  aUrn  it  may  W  an  o|va  qatBtioB  whrthTJt  is  npt 
Av  ili^  i-<<)ili.-  lui.'t'ti  I.'  ulumJon  a  rtwKii  o»  »1k«>  it  «i*>t  to  tW  filomair  {mU 
lot  k"  ii  >laaa«ai  t»|wnl  tbr  fnUtc  knbk     Cnkna  Una  b« 

».t<:  iv  W  K>  <lriT»  ii<a«y  ilmnac  ni»Mwilii  ii_  md  deatroj 

Uw  «xM  ^  >  ir<i(  taK^r  and  m^itv  «a*<«y«tot.  «ifeda*taLi«  vwW  «  pr» 

«M»nt  ~  »      In  otK-b  dtksniLBia,  il  lW  wahrt  w  kot  ii>ip>J  lor  drrnik* 

^  )Mi)i>^'*v  A  .sw.^i.UnkliW  iCk'w.'wuiaalk'M  may  W  si»Mitrd  witbaw  inowiiaato  tn- 

CWMIvMtMiois     Xo  .V.«iM  iWSi»S»n«iUi»<»ifi.iiwtt  laCTf^  HiiHIMwMiilT  g«<fti  hy  fwA 

il 
b4  niiii- nMna 
afca«»d  to  in- 
to the  iMiblic 

:akrr  tl«l  b* 


«    pMt«li)U>ltlWH>«ll 

ltn>y  twv-Aik  wvv  I 
JMaAiMtmiW*  »*wii 

!•»«•>■  1-^— -■  ■ 

>*- 
\\ 

««- 


■      At  »M  »»> 

i»k      1W«*  tc  a  I 

V  h*uL«.  la  >Bipb  ^uw  tka  Sfalv  t 
,~>M>  itWMMV  twMBM  atatnaa^y  A«f 
.  Mlw*  tkU  M^N'  Ht  trmt^A.  tfe  4irt 

s  ilii.i  .'f  tlv<  owtar  hr 
>v  kna. 

14.  ^Aa»  «aMr  fcr  I 
%ev,  "ark 

-XI  MTw  to  tW  wmklS^ 


«t^«    |l    t1    UIVWM    «V  Ilh'ltf «•    V>fiA«1V*H  *s^  >»fu—  W 
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bavii  iiidkateil,  there  iHslillroom  foimuuli  iliSerenoeofopinioQiinto  the  beat  metiKMl 
■  of  eiifoiving  wliaovei'  it'^^uluiioii  is  adoptt^d. 

Tlifi'e  iin?  sevL'iul  ivavs  whifh  iiatiirallv  su^genl  themselves.  We  mav  leave  the 
luuil  owuL'LM,  [hi3  nulfi'  invDevs,  nml  the  coniiuiiiiitv  iit  laijic  to  the  oriliuiirv  pourls 
iiml  lo  Ihia  oouimuu  luiv  lo  deSiiH  aod  protect  llic-iv  variutis  iiitevi'sts,  m-  we  iiiay 
^I'ee'.  II  s]ii-<.'iul  trihutial  and  pre^icrihe  by  ntatute  the  acui>e  uDd  methiid  (if  its  over- 
night Lkiid  jui'iadictiuji,  or  the  LegisJature  may  |>il>s  U)ian  eaeh  caso  an  ii:  arises.  For 
reiUiDDi  ivhi<:h  ne  ntikfe  iu  nnothei'  plaee,  we  arc  inclineil  to  veciinimeml  thut  the 
gnpi'ivisioD  of  mat  lei's  pevt.ainiiig  to  water  Hnp]jly,  aeiverage,  and  the  ]>ollnlion  of 
waters  gene  ml  ly.  lie  assigned  to  some  board  which  Hhnll  be  clothed  with  poweis 
winlogons  to  those  of  the  Railroad  Conitniaaiouej's  and  Harbor  (.■ommistiioQen.,  to 
enable  it  to  iiitrnduce  Bvstem  and  methoit  iu  these  im]K>rr«iit  du])ui-tmenlH  of  lliB 
common  ivelfai'e 

We  lake  it  that  no  one  will  controvert  the  general  proposition  of  law  that  eveiy 
holder  of  pi-opeity,  however  absnlut*  and  iinqiialilied  he  his  tiile,  holds  it  under  the 
implied  liability  that  hia  ase  of  it  may  be  xo  regulated  tliat  it  shall  sot  be  injnri- 
ons  to  the  riglita  of  the  community. 

The   ItlUBT  OF   TBB   MAKHAllUUsenS   LDULSLATtmil  TO    pKESCItIBB   Rui-ES    FOIt   THK 

Photbctios  op  thVEAHe. 


In  the  exereise  ot  its  wudoubted  prerogntive  to  watch  over  the  genei-nl  welfare  auci 
to  ^nord  the  public  rights  by  the  ample  police  |)owei'a  with  which  it  is  armed,  the 
Iie^slature  may  make  exactly  such  rules  renpecting  the  |Hillutii>n  of  streiims  and 
poiirls  or  Other  inland  watera  ai  it  niuy  judge  reiinisite  and  necessary  for  the  public 
welfare,  tt  may  absolutely  jiiohihil,  under  suitable  lu^nalty,  any  coutamiijiilion  ot 
any  water  within  the  borders  uf  the  C<iniuionwealth.  if  it  mi  jile.i-te.  It  is  a  Ljiiestiuu 
always  of  ex|)ediency  whiil  deKiee  of  inlertereiice  with  individual  liberty  is  required 
by  the  uircttiitstAtiees,  Thus  fur  the  Le;:;islature  lias  been  cnulenl  to  forbid  any  ]iol< 
lution  of  waters  used  direiiJly  or  inilireftly  for  a  water  supply  by  any  city  or  town 
within  twenty  miles  above  the  poin  of  takiiitr,  provided  this  proliilntion  be  not  held 
to  imiKiir  rights  by  statute  before  July  1,  187H,  or  prescii|i:ive  rights  of  drainage, 
to  the  extent  to  ivbieh  they  lan'fMlly  e\i*ted  on  that  diilo.  The  Merrimack  and 
Connecticut  rivers  and  so  much  of  the  Concord  as  lies  within  ilic  cily  of  Lowell  am 
»U<>  exempt  from  this  rule.  Nor  c:ui  any  person  save  thoso  cnipl.iyed  in  gettinj;!  ice 
or  huttliiig  lumber,  drive  a  Iioi'bb  on  any  pond  n^^'d  as  a  water  snjipir  (or  domestic 
pnr|iosa8  liy  a  city  or  town.  Neillier  is  bnthincr  i>eniii;led  in  any  such  pond.  The 
■"  islalnro  seems  to  have  drawn  the  lino  at  drinkinfj;  water.  Water  dedicated  to 
hold  uses  is  protected,  within  certain  liniila  and  to  certain  decree,  by  a 
ly,  [leremptory,  and  eiTcctniii  proce~i.  ■\Iunicip.il  authorities  may  obtniu  an 
inctiou  nt  any  lime,  from  any  justice  of  the  supreme  or  sti  peri  or  court,  to  restmin 
any  person  from  violating  the  80ih  chapter  of  the  Geneiid  Statutes,  which  we  have 
recitcil  above.  But  all  other  watei's  are  left  to  thn  ordinary  rules  of  the  common 
law.  We  think  that  a  comprehensive  knowledge  of  all  the  facts  iviU  satisfy  any  tm- 
biiLHSL-d  inquirer  that  under  thin  kind  of  rustoumry  euardimishiji  ot  no  one  in  par- 
ticular, the  general  condition  of  our  waters  has  suffered  a  steady  dogmdatiou,  or,  to 
borrow  the  language  of  the  State  Board  aa  long  ago  as  I87G,  ' '  any  defence  against 
the  impurities  which  bo  conveniently  flow  into  our  waters  from  the  settlements  and 
work-s  on  their  banks  has  thus  fur  been  merely  nominal ;  that  is,  the  law  can  be  used 
tu  piwent  a  nuisance  fi-om  continuing  to  bo  )K>nved  into  the  river,  but  it  is  not 
llSL'd,  becauie  the  process  is  too  kIow,  cumbersome,  and  exp'-n>iive."  Tlie  lapse  ot 
nin"  yenis  !ias  only  served  to  ]ioint  and  enipha.size  this  commentary.  The  i:;riiwth 
<if  j>'i|inlation,  the  spread  of  modern  r^'litienipnts  of  livinj,',  the  increase  in  industrial 
«sliib1ishnient4,  and  all  the  indefinite  multiplication  of  incidents  apjwrtiiinin?  to  a 
nisjierous  and  progressive  conimunity.  must  liftturally  and  perhaps  inevitably  tond 
o  vitiate  the  watei's  of  its  rivers  and  lakes.  But  even  if  a  ceiiain  degree  i.f  taint 
unavoidable,  there  is  (i  vast,  amount  wliich  ii  wanton  and  preventable.  A  cni-sory 
_...ice  at  the  rejiorl  of  Mr.  Clarke  will  convince  any  one  that  there  is  no  neressi^f 
'hatever  for  a  large  part  of  the  abuse  to  which  onr  wdler-oonrses  are  subjected,    it 
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U  »()11Mtionof  tune  odIv,  ouiI  tbal  no)  n  long  time  pitber,  wbeu,  if  we  bold  to  the 
jMlli  wp  nrc  tmvelliii^;,  we  rIiiiH  timl  ouiselrea  face  tu  taire  nitb  a  stale  of  tbiuga  ai- 
■iitiili'Dtlili'  BH  tlint  <>[  Eiigluu<l  iwt'iitv-lii'e  .Tfai-M  Bgii,  wiif  u  tlie  Sen«g«  of  Tiiwuh 
tVimunsMou  li Olio  11  HOC i!  il  iks  an  "  i-vil  of  iiuliimal  mgfncs  i-cqiiii-iug  the  cnrlitist  and 
luwil  »ei'ioil»  nllfiilKiii."  'I  bf  coUilitioD  of  liiHiiy  of  il.<  irii|>oj'taiil  aiiii  freijiieiilifd 
alivtuuK  lioil  linoHui.'  so  lUtliv  hiiiI  ili^istiug  ibut  u  universal  protest  itrose,ai>d  laqi^ 
HDiuii  ot  iiioiii^v  liibl  ii>  Iw  eiiwiidf.l  iu  Liisie  to  miiigate  till' esti'eniiiT  of  tbu  of- 
ff'iii'c.  M««iinliil^  untold  uiiiien'  luid  niist^biuf  bad  been  iufiict^.  Now,  preventive 
nii<iiHUi>.vi  am  fai'  IcsM  costlv  auil  tuuch  tnore  effective  than  remedial  eipedients. 
We  tliiiik  it  ia  bigh  lime  tliat  some  st«|H  sboald  be  taken  bere  to  arrest  tbe  piog- 
riv>a  of  tiron  |Hiiliiti(iu  at  tbe  point  it  baa  mtolied  iu  Ma&.'^aciinsetts,  ood  gradnaU; 
to  TrtiioTC  »iuitt  |<ortion,  at  least,  of  tUe  giouud  we  have  cardosslv  jield^.  Im- 
pnvaod  witti  tliin  coiiTii-iinn.  ne  vi-t  (iitixider  it  iui practicable  to  ask  lor  a  Boinmai; 
«li(»K«uieut  ut  ibo  i'\tivn»>  n^bi  ot  tin-  cuuiuunilv  in  its  vaien  now  for  tbe  Bnt 
time.  AiNUl  tii'iii  l<vbiii<id  i>oiiil.-<  of  Uw,  and  takiug  il  upon  bro*d,  eqailable 
gr»itiida,  Il  wonid  1hi  felt  Unfair  for  llio  niiuiunnilr  Enddenlj  to  insist  npon  a  ligid 
MUb-tion  of  its  alutnu't  right  tit  clean  waters  att«r  so  tnanv  reals  of  license  and  n«g- 
hci.  Kvtin  if  it  W  law  tbit  nu  nno  cnn  presoribe  for  a  palflio  nuisance,  it  doei  not 
Bvewnwilir  follow  that  it  is  police  to  abate  all  nnisauc^s  foitbwitli.  And  BnpjxHiag 
snob  m  imjecl  nf  lav  to  har«  b>wn  enacl^,  we  do  not  beltere  that  tbv  statale 
vouM  or  mold  Im  iHituroed  Oetlaialj  tb«  eiisling  law  ia  not,  theti  wb;  nboald 
oue  ia  Hkaoh  nor*  a«TM«t    W*  (henfore  cast  about  a  good  diwl  to  bii  ii|»ii  st>nt« 

Einci|>l«  at  elwBi&cMina,  soom  aA*m»  ot  (Uacnmiuatioa,  or  eren  a  mere  f  lame  of 
n)  rifntUtMNM  to  goidis  Um  firf^  of  •  gsanlian  of  pabti«  wmten.  It  wa-  sng- 
KOntnl  thai  ariMilalfa  uigbt  bo  luaila  of  stvMHU  wfatt-li  conld  be  allawcd  a  (>enaiti 
kioil  atid  amounl  of  |vllut>>.>u,  lo  Iw  ouefoUy  deftacd.  Htlkat  in  noend  or  for  eacli 
ibiliiij.ul  »».  Cvrtain  utbers  lutgbt  btt  ««t  apart  aiHl  rcscrTMl  (or  Ibe  standard 
|<NtttT  «x|iM4*d  t<*T  diiiikiitg  waivr-  Vlala  uossuMv  a  frw  nught  be  le(ttotak« 
«M«  of  t)M«Matt«s,  at  liM-^  f<<r  tli<-  pn»«ait.  It  waa  beld  lo  l«  r**i>oiMble  to  fiirbU 
<«(tai(i  no(*  Jbagnvaa  ur  uffMuiiw  iiadm  frou  (Mklug  tbenerlnea  in  tntnre  at  OT 
««Br  tb*  tommlMia  baMb  of  nrvts  or  bnoka.  It  nras  nrgMl  Ikat  thetr  would  be  no 
hanbhip  ia  eoMpriUnc  *  n««oo«er,  who—  Umts  wnrt  ^rwrooslr  deteriotnte  tbo 
qwalhf  of  Dm  wMiw.  to  «>  bvkow  ibr  tnl«slt«M  wfakb  abvaili  dependod  ■pan  tbs 
««urw  UMtf  WN«  Rwlime  it.  mkI  rosM  Bsl  «*dw«  viiboo'i  udbnag  anv  aJdi- 
tkoMl  inpaiJWKt  of  ita  tMritr. 

IWa*  MiMdivnli^  mhI  tuaur  UkA  tlwto,  ««■•  nnraBsrd  and  «cigfa«d  in  nun, 
bart  !•>  all  tbcrw  srvuxj  t^  l<v  kiwvo  nbJMtKMK,  AftvT  maeb  iwiiiiirBtian  it  ■■■ 
AfWblnl  to  [wvinKtttHl  a  \^^^,'^  o(  artiua  wbk^i  aB«nml  lo  Bt  tbe  vsigMVT  as  vril 
or  lirllvr  Iten  anv  thwU  >'>-cnniNt  to  u^  Il  Wd.  bt^Jc.  tbe  WMIg  tvoMnnea- 
«|aiii>a  of  atiajianc  itM-if  iu  cutci  ntofiwaut;  wjtb  tWM«d(«ls  %iiA  W*n  •tool 
tba  i<al  of  tun*  and  Wm  iirvitnl  iIhwdstIivs  to  W  Talnnbl*  votfcne  ^aadM- 
In  tba  T«M-  Ifn  tin*  Ue^ulilniv  inintri*^  tb»  oai*  m(  "tb*  Imds  Arti^  (bom, 
awl  nxMB  in  tnl■^-«a■ef1l  WK<B|tt^  to  tba  l>anuMnn«ntb.'  n*'  tbo  snpcvnsiaa 
«t  -  all  ita  lKb-n«l>n  and  sll  tb*  irta  nnd  h«Ai  fti>««d  ibo^.*  to  n  Board 
vbxni  h  vi^owwnl  "  t>i  |>nn>Ml  and  wn'it  nnnnibnnwil  fii  ia<biniiiilii"  or 
«bn>T«r  "in  anr  wv  injum  tbew  dhanMib.'  Krty  nntk  4na»  wilbin  tide- 
vniK,  not  tnneiiunnl  I^t  lb«n  or  ■tbiwiini  b?  tbo  GiMMal  Omui,  vbon  a 
li«>nw  b  nquHNL  u.  «b>(4M*dt«  b*  n  tajmati,  an4  tb*  BtmM  aa^  «*d«r««ito 
•«  UUK  •!  lb*  0.iMMO«w«n)ib  »a  |MMi«  it  o*  •*•»  Ibn  I'lMBTnl  air  ■nliiTal 
IM«  U17  Wt  0*  Unakwalvr  ol  •«.<  battor.  lUa  fapilili—  is  abnetlv  in  finr 
vAb  Ibal  w«  oflnr.  It  i>.  nuk«<d.  alnml  UntiiEnl  wiib  >L  AIM  &'  wtm^ 
h«l  n  UOl*  nnd  it  vonM  mui  onr  pnton  «nc^.  PlwcMr  tba  i^m  prine^ 
vbirb  ■^ain*  »  «u«Wnl  cm*  i*f*«  tb*  n^tacM*  ««;<«■  (rf  tb*  SuAr,  vonU  ^gm 
Mt  oH   hr  nt   ImM  an   ••ml  Mlint«te  wwr^ni^  iW   lAwa  of   iu  iaiMfar 

111       IM  MiMttnl   >4  Iba  <*nast»wn  <nlb  wUcb  ¥  hnii  liii  ^  «]>nn 

tiwtnlbN-telwtnU  <>M*k.MtbintIl«iMhlb»nmto«MbM«a  lb*  mmI- 

— ilnwtjiBialiirtr  utamfiNwiHe  fcninr*  bapnani  bw*  tb*  att 

IbOvMa  Cliiiaiwlw, Ba4 abkb  baa  |pMn<(4  mm^  «Mn|*  te  «B«an*  Mvtr'iD 


'««»*» 


«i»  ti^   b  lb*  aw  •( 
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think  it  wouM  be  well,  then,  fur  t!ie  LeBinlutiire  lo  designate  soDie  one  or  more 
))«L'SDiia  to  look  after  the  pnlilu-  iut ('»>!< tn  iu  iIiih  i)i million.  Let  tht^so  giiurdiiuix 
of  tnland  wuteitt  be  (;Uar(;eil  to  ucquuiiit  tliemHulves  with  the  actual  condition  of 
all  Wfttpi-s  witliin  the  Stall'  as  respr^iTts  theii'  i.Hjlliition  or  [■nrity,  aud  to  inform 
tln--in*tlvi',s  purtiuiilarlv  bm  to  thi;  relation  whiL-ii  that  condition  bears  to  the 
heiillh  nnd  well-being  of  iiny  |>art  of  the  people  of  the  Co  mm  on  wealth,  Ijet  tbum 
Jo  uwuv.  u-v  fur  ik.t  )>ossible,  with  all  remedial  pollution  nnd  iitte  everv  metius  in 
Ilieir  (Kiwer  to  prevent  furtlier  vitiation.  Let  tliem  nmke  it  their  business  to 
fuivinp  iiml  assist  cities  or  towim  dpsiring  a  Knpplr  of  wuler  or  a  Hvstem  of  Kew- 
eragK.  Thev  shall  put  themselves  at  the  disijoaitl  of  manufactui-ers  acd  others 
living  riverri,  stiPiini>,  or  ponds,  or  in  aaj  way  mistiming  them,  to  suggest  the  beat 
means  of  mi<iiiui/iii<;  the  amount  of  dirl  in  their  etHnent,  aud  to  experiment  n])oii 
m>>thods  of  rodiifing  or  avoiding  [wllntion.  Thi^v  shall  warn  the  [leraistent  violator 
of  all  reasonable  regulation  in  tho  management  of  water,  of  the  uonserjuencts  of 
his  Het«.  In  a  word,  it  shall  lie  their  especiul  function  to  guard  the  public  interest 
and  the  public  health  iu  its  relation  with  water,  whether  pure  or  undefiled.  with 
the  nltimate  hope,  which  must  never  bo  abamloiied,  that  sootier  or  later  wavs  mar 
be  found  to  redeem  and  pi'eierve  all  Ihe  waters  of  the  State.  We  jtropose  to 
elothe  the  Board  with  no  othi"r  power  than  th«  power  lo  examine,  advise,  and 
report,  except  in  C4V<es  of  violation  of  the  Htatittes.  Such  eases,  if  persisted  in 
after  notice,  artt  lo  lie  referred  to  the  A ttomej -General  for  action.  Other  than 
Ihix,  itin  deuisioni  ainat  look  for  their  ^auction  to  Iheii  own  iutiinsie  sense  and 
»<iiii)dueM.  Its  lanl  protest  against  wilful  and  obstinate  defilement  will  be  to 
the  General  Court.  To  that  trihunal  it  xhall  report  all  thi*  facts,  leaving  to  it« 
supreme  difcretion  th(>  linal  dis|>osition  of  sucli  oBendeL-s.  If  such  a  Board  be 
abiri  to  commend  it'iulf  by  its  condnct  lo  llie  approval  of  the  great  court  of 
public  opinion,  it  will  have  no  difficulty,  we  ihink,  in  malerially  vedneing  Ihs 
ilis'irders  and  idtnnex  which  are  threateninj;  lo  giv<i  great  trouble  in  future,  if 
not  8peodil,v  checked.  If.  however,  we  err  in  thin  espectation.  and  more  drastic 
nieaaure«  prove  indi.tpeiiHable,  the  mandate  of  tlie  State  can  always  be  invoked  to 
re-enforre  its  ailvice.* 


The  Impoiitant  P(lI^■Tft. 


The  pointH  which  it  iw  chiefly  ile«ii-ml  t*i  enforce  in  this  chapter 
ure: 

1.  There  in  no  iiatunil  right  to  pollutf  ii  wuter-cotirse. 

i.  In  the  ciise  of  it  Mtieiiin  which  tither  in,  or  itiiiy  lie  tisetl,  as  the 
aouri'e  of  iliiuliius:  wnter  by  any  uf  the  ripiiriau  propiietiirs,  prescrip- 
tion, with  the  present  niiderstiiniliiip  of  the  causation  of  the  infeL-tious 
i-ommiiiiiciiblediHeafles,  ought  not  he  lurpretl  as  the  foundation  ofa  ripht 
In  pollute. 

3.  In  case  tho  intei-enta  of  all  tlie  ripnriaii  proprietors  are  in  favor 
iif  ti«iug  a  BtreiLin  iis  ii  ci>iiitm>ii  receptm^le  for  nmiLnfiictnrin;?  wastes, 
mntiiivl  agreeineut,  either  uftmilly  e\pres,sed,  oi'  iniiilieit  by  tbo  opera- 
tion of  custom,  may  dedicate  the  xtremn  to  sitch  use,  but  sucli  dedi- 
cation cannot  be  construed  to  ju.stify  such  uu  red  son  able  nse  as  lends 
to  the  creation  of  a  coniinon  mtisimce. 

4,  The  Mill  Acts,  whil"  probably  not  in  their  oripiual  incoptimi  in- 
tended to  cover  the  specitic  case  of  such  pollution  as  renders  the  water 

*  far  amplEti  trit  of  Chi?  MKiuwhuii'Itu  Au-t  which  hut  ima  ^niiuteil  lu  the  reaolt  uf  Um 
lornEiiiiift  rvc!ummtudittiiiB«  uf  thi^  OraiuHjje  CommiHHion.  npe  A|ipondii  IV- 
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of  a  Htream  unfit  for  domestic  use,  have  still,  by  fostering  maDufactur- 
iag  interests,  created  new  euBtoms  and  conditions,  and  consequently 
tend  to  modify  the  strict  construction  of  the  common-law  rule. 

5.  From  the  Mill  Acts,  as  a  natural  consequence  of  the  development 
of  manufacturing  which  they  have  fostered,  has  come  a  recognition  of 
the  principle  of  perraissiTe  pollution  under  State  supervision  as  exem- 
plified in  the  recent  Massachusetts  acts. 


CHAPTEK 

QUANTITY  OF  SEWAGE  ASD  VABIATION  IN  RATE  OF  FLOW. 

Before  piuceedius  to  the  consideration  of  the  vtuious  metbods  of 
sewage  disposal,  which  experience  has  indicated  as  ot  value,  we  may 
properly  iiiquirt'  into  the  qnestiim  of  ijnantity  and  variation  in  the 
rate  of  flow  of  the  sewage  which  it  is  proposed  to  treat. 

Dearth  of  AtiTiuTE  iNFoiiMA'noN. 

Accurate  information  as  to  quantity  is  rather  difficult  to  obtain. 
Bot  few  observations  have  yet  been  made  in  tliis  country,  and  aside 
from  the  few,  the  subject  liae  been  treated  fri>ni  a  purely  theoretical 

aiut  of  view.     In  England  extensive  olirterviitions  were  mmle  by  Mr. 

aywood,  Sir  Joseph  Bazali^rt'tte,  and  liy  the  Keferees  in  rex>ortiiig 
Upon  the  main  drainage  of  London.  Olnaously  the  quantity  of  flow 
is  closely  related  to  the  amount  i>t  the  water  supply,  and  innsmuch  as 
the  water  supply  of  American  towns  is,  as  an  average,  at  least  double 
that  of  English,  the  i-xperiencc  gained  by  gagingfl  there  do  not 
greatly  assist  in  determining  the  quantitj'  of  sewage  which  may 
reasonably  be  expected  in  towns  here.  We  may,  therefore,  consider  io 
some  detail  the  amount  of  water  used  in  American  towns,  but  it  mn»t 
he  remembered  that  in  designing  sewage-dis])osaI  works  general  dis- 
oosaion  can  only  be  of  use  for  indicating  tested  and  approved 
methods  of  procedure.  It  cannot  be  too  strongly  insisted  that  each 
case  stands  by  itself  as  a  problem  for  special  solution. 


The  I'mk  of  Water  in  American  CrriEa. 

Table  No.  1.3  gives  the  average  daily  consumption  of  water  per  in- 
habitant for  nearly  201)  of  the  MH  cities  in  the  United  States,  which,  by 
the  census  of  1890,  had  a  population  of  over  10,(K)0.  The  wide  varia- 
tiiin  in  consumption  showni  by  the  table,  it  will  be  seen,  is  imly  in 
amall  part  caused  by  tlie  dift'erences  between  the  popidations  of  the 
varions  cities.  One  of  the  chief  causes  for  the  variation  in  consump- 
tion is  the  variation  in  the  proportion  of  the  totid  population,  which  is 
quite  clearly  .shown  by  the  last  column  of  Table  13.  giving  the  popu- 
lation per  tap  for  each  city,  so  far  as  the  figures  are  available.     Other 
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couditione  affecting  the  consumption  of  water  are  the  character  of  the 
population,  whether  requiring  much  water  for  other  than  domestic 
uses ;  the  use  of  meters  aud  other  efforts  to  I'educe  waste ;  the  source 
and  mode  of  supply,  whether  from  a  source  of  unlimited  capacity, 
through  a  proper  supply  aud  distributing  system,  or  otherwise,  and 
whether  by  gravity  or  pumping,  the  current  expense  for  the  latter 
sometimes  tending  to  keep  down  consumption.  8ome  of  the  figures 
for  consumption  are  only  approximate,  but  all  were  originally  taken 
from  official  reports.  The  estimates  are  often  indicated  by  their  being 
an  even  number  of  millions  or  hundreds  of  thousands. 

The   Use  op  Water  ts  Different  Towns  Does  Not  Follow  Any 

Special  Law. 

The  slight  relation  between  the  size  of  cities  and  their  daily  use  of 
water  per  capita  is  more  plainly  shown  in  the  summary,  Table  13A, 
where  the  number  of  cities  with  consumption  between  certain  limits  is 
shown  for  cities  of  five  different  classes  of  sizes.  While  this  summary 
shows  a  decrease  in  per  capita  consumption  with  the  decrease  in  size 

Table   13A.— Avkraob  Daily  Gohsuuption  of  Water  (Gallons)  Classified  by 
Amounts  and  by  Size  op  City. 
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of  the  city,  there  are  so  uiunr  esreptions  that  the  rule  can  be  accepted 
uuly  ill  a  ver>'  gent-nU  way. 

That  ther«  is  a  quite  g>!neral  increase  in  the  population  per  water 
lap.  with  the  diiuiuutiou  iu  the  size  of  the  eity,  i^  ahowu  by  Tabic  13 
B,  but  the  t'sct^ptioiis  to  this  rule  sj'e  numerous. 

Tabu:  I3B  — Popclatios  i-er  Watch  Tai-'  rLAsticiEU  tti  Kt-MOKits  avi»  Sua  or 

City. 
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1%c  amui^tuent  of  cities  by  Hin>,  iu  Talilc  13,  is  inteadnl  to  main 
mote  plain  thi'  varittion  in  ooiisumptiou  i^^r  (.'apita  T^^^anlless  of  the 
«aap  of  till-  citii-f^  iu  qiK'Mtioti.    litis  vnriittion  i?'  .-till  further  illttsttaled, 
as  is  tbf  rfleci  of  nH4rn(  to  ^<l^Ince  coit!ium|itiub.  in  Table  1.1  O,  whieli 
i^vesthc  nTcraav  tiaily  coasuntption  pt-r  capiu  of  the  f-.f-     '   rswkj 
|vitit-8  in  th<-  I'mlMl  Stittos,  «iTM^«d  in  the  IHI  halt  by  ■>  :  k 

(nMlad  U*  lr*st,  tho  rank  of  tbf  city  in  iiiae  aoil  in  eoosnmpcioa  being- 

iri"«- 

X*w  York,  the  Unpml  city  in  tli«  I'aitisl  S«ale«.  ranks  tvrtity  third 
ijowu  the  s.-al.'  iu  wittwr  wMisuttipii.tH  [wr  capita,  while  .\Ilcf;faenj^ 
hating^  the  hi;:b<-st  mBsiitii|<ti>^n.  rank;'  twwafev-^iifath  don  Um<  Male  n 
njgm     There  aiv  a  h'w  oa^es  of  exact  nMUctduooa  in  rank  of  a 
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Table  13  C— Conbuhption  of  Water  (Gali.-^b)  and  Use  of  Hbters  in  the  Frsrr 
[iARQKsT  Cities  op  the  Umtkd  Statkb. 
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coDHumptioii,  but  the  two  columns  showing  percentftge  of  taps  metered 
and  population  per  tap,  Tiible  13G,  should  always  be  examined  in 
this  conDectioQ. 

The  ri^ht'hand  half  of  Table  13C,  showing  cities  arranged  in  order 
of  percenta^  of  taps  metered,  least  to  greatest,  illustrates  the  impor- 
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tHTicf  of  the  water  meter  as  &  fnctur  in  citiea  having  sewage  pnrifica- 
tiiui  plautt*.' 

The  tendency  of  the  per  capita  consuuiiitiou  of  water  to  iu<.'roa«e 
with  the  poijulation  i«  shown  by  Table  14,  which  given  the  consiiui]!- 

tiun  fur  a  few  cities  at  SL-fitteritig  dates  from  18tiU  to  ISflO. 

Tablb  No.  11.— Iscrbabe  in  Dau.t  Conslmption  op  WATEBfGALijj.Ne  teb  eAr-rr*) 
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t  f  ran  >  ftcport  on  AjimUunal  Water  Supply.  RocliBitiir.  N.  Y.  (ItSV).  I»J  A.  Fulej>  inil  J.  T.  Fmntnff.  ft- 
lilMn.'iil*!  by  niium  [rum  the  Uaaniil  of  Jkumricui  Wnier-Wurki  tur  IBUO-al. 
•B-.V  TaUlf  I4A. 

The  increase  in  water  eonsumptioii  at  Detroit  from  1853  to  1892  is 
shown  in  detail  1>y  Tiilile  14A,  in  which  the  eonsiimptiou  per  fnuiily  is 
the  baais  of  comparisim.     The  table  also  sIiowh  the  cflect  of  etfurtn  to 

Table  No.  14A.— Watkh  PiiMPEii  per  Fajiii.v  at  Dbtfioit,  Mich.,  is  EAnt  or  tii* 
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reduue  u  liigbly  excessive  wnste  of  water  by  the  use  of  meters,  which 
were  iiitrodueeii  iu  188»,  uiiil  iiot  only  at  once  lowered  the  total  yearly 
water  consumptioii,  but  aluo  tlie  cousuiuptiou  per  family,  so  that  the 
total  ye&rly  cousumptiou,  or  pumpaj^e,  fur  1892  was  over  two  billion 
gallons,  or  some  14  per  cent.,  less  tliau  iu  1888. 

Necessity  for  Coksidebing  Flttire  Growth. 
In  designing  sewage  disposal  works  it  will  be  necessary  to  take  into 
account,  the  same  as  in  designing  the  pipe  system,  the  future  growth 
of  the  town  ;  and  by  way  of  indicating  what  is  now  taking  place  in  this 
particular  in  the  United  States  Tables  15  apd  16,  derived  from  Census 
Bulletin  No.  52,*  are  inserted. 

Tablb  No.  is. — Inckbabb  in  Populatio.n  in  Ten  Years  in  a  Nuxbeh  op  CrriRti  and 
Towns  op  thb  United  States  wrm  krom  8,000  to  50,000  Inhabitants  in  18B0. 
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•  TTrbin  PupalHtlone  In  ISIiO.    Api  II  17.  Uslil, 
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Table  Ni>,  18. — Inckgasf:  in  Topitijition  in  Ten  Yb*r8  is  OmisH  of  thb  Ukit* 
Status  ok  ovku  50,0(HI  Imiabitanth  ik  18U0. 
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•  Inoliipl—  W.llW  i«vdl«iun,  wWdti  bx  rtMoi  rtodnlon  "f  ills-Mirl  t^UM  Bnpirmi' C-onn.  i- Hp.waiitixUlto 
linlBol  K  >iw  CUf. 

Tiililw  No.  15,  of  cities  aiid  towns  witli  |iopii]ntiniin  mngriii?  from 
8,000  to  50,000  ill  ISrtO,  iiidmles  only  a  imrtiori  of  tbow  siveii  in  th« 
complete  lint  in  CenauH  Bulletin  No,  52.  Only  enoiipli  linve  been 
siolfcted  to  imlii'iite  in  ji  perepicuons  niimuer  the  rapiil  in(.Teas4>  of 
population  in  such  towns  at  tbi-  pre.sont  time.  Au  tiiitilytiifi  of  the 
4:otiiplete  list    iu   tie    Bulletin   shows  tb«t   of  the  total   number  of 
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nearly  400  suoli  townis  alioiit  25  per  ceut.  have  riinre  than  tUiubled  in 
jtupiilatioii  ill  the  hunt  deciiile.  Moroovt't',  the  towus  showius'  this 
liu'^e  iuLTeast;  uri'  sitiiatt'd  in  jlII  imrts  uf  the  nouutry,  imiuy  of  thriii 
beiiitr  in  thti  uhlur  Hi'tth-il  States,  where  it  lui^ht  be  coiisidereil  that 
fixed  eoaditiouH  itrt-  moutly  attained.  In  the  uauie  way  it  in  fuiind 
that  u  eonsidendile  iiiiiulier  of  towns  of  the  class  indicated  have 
increased  in  the  period  from  50  to  100  per  eeut. 

If  we  examiue  the  list  of  cities  of  over  50,000  population  io  18it(), 
we  tind  that  of  the  SI!  which  are  listed  iii  Table  No.  16,  only  U  por 
trent.  exhibit  an  iuerease  of  more  thiin  100  per  cent.,  likewise  the 
number  iDcreasiug  from  50  to  IIM)  per  cent,  is  proportionately  smaller 
than  in  the  elass  of  towns  illiistrated  in  Table  No.  15. 

How   TO   DlCTEUMINE  THE   L.tW   OF  InltUEASE  OF  POPUIATION. 

Various  atteiiijits  liiive  been  made  to  elucidate  the  law  gfoverniuff 
increase  of  popiiiatiun  in  towns,  Imt  thus  far  non<'  of  them  can  be 
ouiisidererl  wholly  satisfnetory.  The  problem  piVHent-H  itself  with 
new-  features  in  nearly  every  town,  and  the  decision  of  what  the  popu- 
lation may  be  iit  any  futim'  period  bei'omes  largely  a  matter  of 
judgment,  liaseil  upon  tin-  special  conditions.  To  assist  the  judgment, 
the  cenuiiN  retiirns  for  each  ten-year  period  may  be  tabulated  as  in 
Tables  Nu.  17  ii.  1  18  following  : 

Table  No.  17.— Popilatius  or  a  Nitmbrr  of  the  Sm.^i.i.er  rrrres  and  Towns  op 
TUB  UsiTBD  States  at  Kach  Tbk-Ykar  Pehiod  Fuom  18IK)  to  1890. 
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TaBLK   X(l.   lU.  — POPCLATION  Of  A  XCMBBK  UP    TDK    LAROBTT  ClTIBS   UC  TUK    ClitTTJl 

Stateh  at  Bach  Tsk-Tkau  Pkhiud  from  ItWO  to  1890. 
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By  plotting  the  series  for  any  ^ven  town,  the  population  curve  i* 
approximately  determined.  With  the  census  record  complete  from 
1800  to  1890,  this  curve  may  be  usually  projected  from  10  to  20  yean* 
aliead  with  considerable  probability  of  ileducing  results  accurate 
enough  to  assist  an  engineer  in  determining  what  provision  for  future 
population  may  be  reasonably  miule  in  designing  works  at  any  Riven 
place." 

Fig.  5,  derived  from  the  Preliminary  Report  of  the  Chicago  Drain- 
age Commission,  illustrates  the  practical  utility   of  such   a  method. 

iwa  ■w  wo  i)w  WW  iM* 


Fw.  B-— Diagram  lia-osTHATiNo  the  Rat*  of  Gnonrn  or  Crrr  Popn-ATiiMm. 

•  For  »n  MotUeot  r»nip1«  ol  It"  »n»lnii»l  niFthivl  ri(  timtinj  auch  m  pivblrni.  i^  ■  tUrorl 
on  M  AddHionJ  Wn«r  Sn|,(.ly  (or  awloo,  l.y  J.».|>ti  P.  l)«»i.,  oily  niKinwr,  tttr  IJ-k-'iiii-bU, 
Nol  2n,  1V74.  Mt.  D»»i«  their  (.i(r»-i«  llw  popul.iion  iil  fln.(.,n  in  |>«)m  *l„ut  4a:i,«V,  the 
enuui  "rrtam.  .bo"  il  W  I*  **^  *".  »''''»  '■>  "*^'.  »•'  "^l  r-tTn  ..uUblo  .t  th.  tine  nf  m>k- 
iB|  the  oomimlMian,  Un  pu|iuUii'.n  w»  aSO.-iai 


TlIK   INflWHATtUN   OK   *;1101!N1>   WATKR, 
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Generalizations, 

The  tabulatioua  here  submitted,  although   hardly  exhaustive,  are 

Huftifieut  to  indicate  how  one  may  jiroceed  iu  deducing  the  future 

population  Its  the  basis  of  rational  desiijn  of  permanent  public  works. 

is  a  rapid  generalization,  subject  to  exception  in  mauy  cases,  we  may 

ay: 

(1)  That  iu  American  towus  under  50,000  population,  the  present 
ate  of  increase  may  be  taken  at  about  100  per  cent,  in  fiom  IS  to  20 

rears. 

(2)  That  in  the  larger  towns  the  increase  will  be  say  50  per  cent,  in 
fthti  same  time. 

In  couufction  with  these  generalizations,  it  is  again  strongly  insisted 
that  special  studies  in  detail  are  required  in  each  case. 


OACBB  of  VARIA'nONS   IN   Qu.VNTH'Y  OF   SeWAQE. 


I  The  foregoing  Tables  13  to  13C  showing  the  daily  water  consump- 
tion per  capita,  may  be  considered  as  afl'ording  an  approximate  indi- 
cation of  the  probable  dry-weather  llow  of  sewage  ]irijper  iu  thu  si.iviiral 
towns,  except  that  varying  proportions  of  the  population  supplied 
with  public  water  also  enjoy  sewer  connections.  Variations  in  cpian- 
^^tity  Irom  the  tabulated  indications  will  be  due  chiefly,  in  atlditinn  to 
^Bhe  above,  to  (1)  iutiltrattoa  of  drainage  water,  and  (2)  to  leakage  from 
"the  sewers,  both  of  which  may  be  expected  to  frequently  take  place. 
(Jf  these  two  sources  of  variation  infiltration  will  operati'  the  most 
•  disastrously  upon  the  success  of  disposal  works,  while  leakage  from 
sewers,  with  its  consequent  pollution  of  the  subsoil  water,  may 
riously  aflfect  the  public  health. 

The  Infiltration  of  Ground  Water. 

In  reference  to  the  amount  of  ground  water  likely  to  find  its  way 
into  sewers  definite  information  is  rather  scanty.  In  Boston,  accord- 
ing to  a  discussion  by  Frederick  P.  Btearns,  M.  Am,  Soc.  C,  E,, 
chief  engineer  of  the  Massachusetts  State  Board  of  Health,  the 
amount  of  ground  water  finding  its  way  into  the  sewers  of  the  main 
drainage  system  is  about  45  gallons  per  inhabitant  per  day.  The 
queiition  of  infiltration  into  the  sewors  of  Boston  and  als<.i  into 
separate  scwcr  systems  from  which  storm  water  is  excluded,  is 
discossed  at  some  length  by  Mr.  Stearns,  and  it  is  siiflicient  for 
present  illustration  to  merely  point  out  the  more  important  facts  of 
the  discussion.*     It  may  be  remembered,  however,  that  many  of  the 

^}^fwDl&1  TtpfKirt  by  Prf^il^^rick  P  ^iL'it-n't.  I'hipf  im^nspT,  m  Tlrport  of  State  Board  of  ITpftltb 
■IMUi  tlir  Si'w»gf  o(  the  MynHo  anil  CliM-le>  ltiv»r  Vallitj'K,  pp.  WMW. 
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older  sewere  of  Boston  are  of  such  open  construction  as  to  admit  of 
relatively  lttrp;e  iutiltnition  of  gi-ound  water.  Some  of  them,  more- 
over, follow  the  threii-ls  of  old  water-coin'ses,  which  further  leads  to 
large  eoutrilmtioiis  of  jfriuiuil  watfr. 

At  ICa-st  Oraug-L',  New  Jersey,  a  separate  system  of  sewers  was 
caiTied  out  in  18Slt-88.  lu  the  latter  part  of  November,  18'J3,  there  were 
about  33  miles  of  sewera  in  use,  with  l,(i85  house  vomieotious.  Many  of 
the  Silwei-s  are  hiid  at  such  deiiths  iis  to  be  over  2U  ft-i-t  below  the  leVfl 
of  the  ground  water.  At  ii  numljer  of  points  quicksand  was  unes- 
pectedly  encountered,  and  the  necessity  for  using  about  4,000  feel  of 
brick  sewer  on  account  of  size  required  at  the  moat  unfavorable  loea- 
tioQS  for  making  tight  work,  still  further  complicated  the  problem. 
The  iufiltratioo,  as  measured  before  any  house  couuections  were  in 
use,  was,  tor  the  vitri  tied -tile  sewei-s  (25  mih-s  completed  at  the  time  of 
the  measurement),  2,5  gallous  |jer  secoud  ;  fur  thi^  brick  liewer,  5  gallons 
per  second,  the  totjd  iutilti-ation  amounting  at  these  rates  to  GoiI,llOO 
gallons  per  day.  The  Hush-tank  flow  is  estimated  iit  3U,0IW  gaUtuia 
per  day.  and  the  house  sewage  flow  fnim  a  contributing  popuhitiou  of 
neiu-iy  15,000  at  6'20,0(MI  gallons  per  day.  Tlie  infiltration  is  thus  found 
t*>  be  50  per  cent,  of  the  total  quantity.  Sim-e  the  above  measure- 
ments and  estimates  were  made  it  is  stated  tluit  the  inHltration  of 
ground  water  has  been  decreiusing.  Sewage  disposal  works  are  in  use 
in  eonuection  with  thir.  svst^m  of  sewers,  and  we  will  further  consider 
the  effect  of  this  amount  of  ground  water  in  describing  the  methods 
of  disposal  used  at  E:\nl  (Irange  in  Part  IL' 

Condu'linir  this  part  ■)f  the  subject,  it  may  l>e  noted  that  the  resulta 
obtained  nnder  the  extremely  unfavorable  conditions  existing  at  East 
Orange  of  a  leakage  of  only  2.5  gallons  per  second  (216,000  gallons  in 
H  hoars^  from  33  miles  uf  vitrified  tile  sewers,  with  66,000  joints,  is 
indicative  that,  nnder  favorable  conditions  and  with  careful  workman- 
ship, a  system  of  such  sewers  may  be  maile  nearly  impervious,  thongli 
in  designing  disposal  works  it  will  probably  be  safe  to  allow  (or  so 
infiltration  of  perhaps  15  per  cent,  of  the  flow  of  sewag«  proper. 


PaoTISIOS  FOR  RUXPALL  Di  COMBINED  SlSTE«. 

Where  combined  systems  are  in  use  it  will  be  noeessary  in  design- 
ing sewa^  disposal  works,  to  provide  fnrthoi  for  a  certain  propor- 
tioii  of  the  rainfall,  and  jnst  what  pro|»>>rlion  will  be  provided 
mast  depend  upon  a  nnmbor  of  conBideratiou&,  as  for  instaneo: 

(1)  Whether  the  ontfall  sewers  are.  or  can  be  arranged  with  refer- 

■  S«  pap«  OB  Infaad  Sn^a  Diifioal  inlb  SikbI  lUbms*  l«  (be  b>t  OoBga,  S.  J^ 
VatkM,  Iff  OunJl  Pk.   DMkM,  M.  iaL  Soe.  C  K.  IB  TnM  Aa.  S«c   C  B,  raL  ur.,  p 
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ence  to  storiu  oi'wrtlows,  mid  if  so  arraugeil  whether  any  portion  of 
the  Rtoriu  water  will  ^o  to  the  tlisposiil  works. 

('2)  If  liny  proportion  of  the  storm  water  is  to  go  to  the  disposal 
works,  then  what  proportion. 

(ti)  The  ]n-oportiou  of  tht'  total  of  any  given  rainfall  which  is  likely 
to  reai'h  the  suwors,  the  aiuoiint  reaching'  them  depending;  npoii  the 
slope  of  the  urea  drained,  and  its  relative  imperviouaueas.  as  whether 
fully  huilt  up  and  paved. 

It  thus  appeal's  that  when  thy  rainfall  is  taken  into  account,  the 
disposal  pvohlem  is  i-onmderahly  complicated,  and  aside  from  the 
modifyiii"*  circumstances  pointed  out  in  the  chapter  on  The  Infectious 
Diseases  of  .Vninials,  the  i-onclnsinn  i.s  reached  that  when  some  form 
of  puriticatioii  is  to  he  provided,  a  separate  system  of  sewerage  appears 
preferahle  to  the  conihiin'd  systnu  hy  reason  of  not  only  the  greater 
ease  with  which  the  more  uniform  How  of  the  separate  system  can  be 
treated,  but  also  by  reason  of  the  materially  I'cduced  expense  of  such 
treatment. 

We  will  ormsider  briefly  the  effect  on  the  cost  of  sewage  disposal 
works  of  actually  providing  for  treating  the  whole  of  that  portion  of 
the  rainfall  which  runs  off  into  the  sewers  of  a  combined  system  aa 
Wtfll  as  the  sewage  proper. 

In  the  Brst  place,  it  may  be  assumed  that  a  considerable  increase  in 
capacity  of  disposal  works  would  become  inevitable  in  order  to  treat 
the  rainfall,  whatever  the  method  of  i)uritication.  Again,  in  order  to 
prevent  too  great  increase  in  capacity  of  disposal  works,  storage  for 
the  storm  How  would  naturally  be  provided  with  a  view  to  extending 
the  time  of  treatment  of  the  excess  flow  of  storms  as  much  as  possible. 
Without  going  into  a  discussion  of  the  elements  of  the  special  problem 
of  the  projiortionate  amount  of  drainage  which  may  be  expected  from 
the  partially  imperWous  areas  of  large  northern  towns,  we  will  assume 
as  siifheieut  for  an  illustration  tliat  50  per  cent,  of  a  24-hour  rainfall 
may  be  expected  to  run  off  immediately  ;  and  that  in  towns  with  com- 
bined sewerage  systems  a  treatment  of  the  whole  flow,  including  the 
rainfall,  would  require  the  provision  of  storage  for  nearly  one-half  of 
the  greatest  rainfall  which  can  be  e.vpeeted  in  2+  hours.  This  large 
nllowauce  will  only  provide  for  a  summer  rainfall,  and  a  winter  rain 
mav  occur  when  the  whole  area  is  impervious  from  the  effect  of  frost ; 
if  such  a  rain  occurs  when  the  ground  is  further  covered  with  snow  we 
may  have,  because  of  molting  of  the  snow,  an  amount  of  water  flowing 
from  a  given  area  even  greater  than  the  total  rainfall  for  the  assumed 
uidt  of  time  of  24  hours.  A  provision  of  storage  for  50  per  cent,  of 
tile  largest  'ii-honr  rainfall  must,  therefore,  be  considered  conservative 
lor  our  uortliern  climates.  In  the  South,  with  moderate  winters  of 
littlo  or  no  snow,  we  may  take  the  percentage  flowing  off  as  somewhat 
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less,  say  at  40  por  liciit.  Simtheni  towns,  too,  are  bnilt  with  more 
open  space  than  northern,  from  which  it  follows  that  the  impervious 
area  is  relatively  less  in  proportion  to  the  whole  area,  whence  we  de- 
rive another  I'ca.sou  for  usiu;^  a  smaller  per  cent, 

Asamuing  a  town  with  aji  area  of  5,000  acres  and  maximum  *24-liour 
rainfall  of  2  iuches,  the  ntora^  required  would  bo  13ti, 000.000  g'allous. 

If  wfl  apply  these  tig'uri's  to  larger  ureas  we  liml  that  in  the  threat 
cities  the  quantity  of  water  derived  from  the  raiufuU  ia  so  great  that 

Table  No.  1»,— Hkaviest   Rmsfai.ls   in  24  Hutms  at  Milwafkkr,   Wiscoksik, 

1871  TO  1802,  IscLueivK,' 
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to  hold  it  in  storage  and  treat  it  hecomes  a  practical  impossibility. 
As  a  compromise,  then,  we  could  only  hope  to  provide  for  treating 
the  first  flow  of  rain  water,  which,  as  contnimng  the  bulk  of  the  street 
washings,  may  be  looked  npon  as-  the  most  important.  In  this  view 
we  would  provide  for  perhaps  6.  to  10  per  cent,  of  the  maximum  24- 
kours  rainfall. 

In  order  to  illustrate  this  phase  of  the  question,  several  tables  of 
maximum  rainfalls  in  different  parts  of  the  country  are  included. 

Table  No.  21. — HRAVisar  Rainfalls  in  24  Houits  at  Clkvelakd,  Oino,  1871  to  1898, 

Inclubivb. 
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Tablk  No.  83. — Heaviest  Rainfat.lb  in  2i  Horns  at  Cibcissati,  Ohio,  IBTl  to  If 
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The  two  following:  liiMes,  N08.  25  tui.l  26,  show  the  Hohiiil  loiieih  of 
time  of  a  iiuwImt  of  hoavy  raiofalltt  ut  two  jilaces  in  the  Souths 
where  very  heavy  mmfalls  are  cvmmou. 


TABiJt  Sa  as.— ftAisr»i.ia  IX   E»irjs?  or  2  5  I.ncdes  ix  24  HoFBi  at  VKKsmvma, 
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Taui.b  No.  25. — Continued, 
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^^H 
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in  separate  sy^'temK,  wliere  the  sewers  have  lieoii  maile  as  ueai'ly  as  pos- 
siMeahsohiti'ly  iiiipcrvioiis.  iifimimiug  that  ruiif  wati-r  and  i-ellar  drahi- 
uye  are  exi-luiled,  the  luasimiiai  tlow  may  lit  exjiei'tid  either  m  I 
ilry  weather,  or  iu  exti-tmie  cohl  weather,  at  Ixith  vt  whii;h  times  t 
niaxiiuuii)  cousHiuptiou  of  water  for  ilomestit-  purposes  will  be  takin; 
place.  Separate,  or  more  pi-operly,  iiioclitied  sepaj-ate  sytitems  are,  for 
sauitary  reo^jus,  frequeutly  liesigued  with  referentre  to  taking  cellar 
draimij;e  tt^ether  with  the  whole,  or  a  portion,  of  the  roof  water,  and 
when  so  jirraiified  the  amount  ot  the  special  inflows  should  be  allowetl 
for.  In  a  discussion  of  this  kind,  as  has  l>eeu  stated,  no  more  ean  bo 
done  than  to  point  out  the  main  fiu-tors  controlling,  and  the  foregoin, 
are  enough  to  intliiMite  the  leading  conditions  iu  the  problem  to 
solved. 

By  way  of  further  illustrating  the  use  of  waftr  for  domestic  and 
maiiiifaeturing  purix>sca.  Tables  JJos.  27  and  28,  showing  the  use 
water  in  the  citv  of  Rochester,  are  included. 


bo^i 


Tahlx   N'o.  27.— Tcttai.  Atekabk  Dailt  Vsb  np  Watsr  is  Guja>v»  tx  TUK 
iir  Rtkukxtkr.  X.  T.,  rnR  TUB  TEJktts  LvmciTtD,  thk   Porvt^iTiOK,  etc. 
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■*Mfc !«*■  —  »■»  I  ■,<LimM»ii«MW«lii^i«fcwiii.    T^i  I     Milii  ^WB»— it4M  — 

April  i.un. 


In  expUtuUkm  of  theap  two  Roi-he«4er  taUes  it  may  be  stated  that 
the  water  works  of  that  cit)'  are  a  iIqhI  aysteiu,  iarluiling  a  gntrity 
anpply  (or  purely  domestic  ami  spe«-ial  tnanufarluriui:  puriioses  fr 
Hemlock  hke.  vhile  (or  other  pan^^^^^  such  as  ailditiomU  Gre  pr 
t^'ction  in  the  business  di?«triol.  stn-el  sprinkling,  the  furnishing  o7 
light  )H>W''r  for  motors,  thi>  tlvtsbing  t>f  watcreli«ets  in  a  few  ]arg« 
blod^s,  water   is  taken   (turn  the  Oenecisi'e  riTer  by  *  tlirvrt   prBsa- 
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Tablk  N'<i.  28,— Apitiommatk  Uhe  OF  Watkfi  KniiM  THE  Hkmi.iktk  La kk  System,  hv 

llOVKs,  UN  TllIlKE  DrfCKKKST    DAVB  in   IBim,  AM    DKTKIUai.NBD    UY    THE    OUTFLOW 
PKUM  THE  MT.   tlOPK  IlBSBBVOIB  OV  THB  WATlUt-WORKS  OF  KOCBKBTER,  N.  T.* 
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•  T*li^  ri  •  STniicI  'is  Mrr  frnm  »  tmiKT  hj  Wr  tfiiflvr,  Oji  the  MoaKiirep  hit  HaHrimun  Ihr  UkhimI  \V4»)4tf  of 
WAtrr  III  FiiTt^  ^i>  rht  l  Iti  I'f  l!iii<ht".l^r.  N.  V  .  ui  Tnttld.  Am.  Sue.  C^  E..  vul.  iihvI,,  f^ii.  SM-Tfl.  {jHnTur>'. 
IHW  ) 

ure  Holly  sy«tt3iu.     With   this  explanation   the  sigTiificJiiice  of  table 
No.  27  will  he  easily  understood. 
In  TfiWe  No.  2H  we  hiivft  the  use  of  water  from  tht'  Hemlock  lake 

>  nysteTii  liy  honrsoii  three  difffrent  days— namely,  tor  Saturday,  Sunday, 

'  and  Monday.  Tlie  Saturday  rei^ord,  nu fortunately  for  really  satJH- 
facrtory  comparison,  i»  only  coniiilcte  ftir  the  12  lioni-w  from  7  a.  M.  to 
7  1'.  M.     If  wi'  till  it  out  by  conipiLiison  with  the  Monday  record  we  see 

I  that  in  the  summer  of  1K90  the  use  ot  water  for  all  purposes  from  the 
Hendofk  lake  system  was,  im  week  days,  roiindly  B, 000, 000  gallons  a 
day,  or  for  a  population  of  133,8%  (amount  as  per  United  States  t'en- 

1 8U8)  w*t  obtain  a  daily  use  of  about  44. H  gallons.  On  Sunday,  when 
nianufiu-turinp  establishments  are  closed,  tho  daily  use  (if  say  4,C.'iO,000 
is  equivalent  to  about  34.7  pallons  per  head  of  population  per  day. 
Thin  latter  tiffnre  may  be  considered  as  representing,  therefore,  ap|iroxi- 
mately,  the  purely  dtmiestic  use  of  water  in  the  city  of  Rochester. 
The  difference  of  44.8  and  34.7.  equal  to  11,1  gallons  per  head,  repre- 

,  aents  likewise  the  onliunrv  niauufactnrinjr  use. 

Bsamiuing  the  tic^ureo  as  to  hourly  How  we  find  the  minimum  to  be 
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oiily  07,222  gal!on»  per  hour,  anioiintiiig'  nt  this  rate  in  2-i  Luuri 
l,(il3.32H  fiiillouH.  The  uiuumiim  hourly  How  of  394,238  galUin^i^^ 
iiunmnts  for  24  hom^s  to  9,461,712.  Thesi'  tij^nres  are  sufficient 
show  the  con  side  ruble  variation  from  tlie  dnily  mean  which  wi 
take  place  flt  difl'erent  times  tif  the  tlay  in  a  systeiii  where  tlie  aruoui 
of  sewage  Is  apiiroxiiuately  represouted  by  the  umutint  of  the  wat* 
Bupply. 

At  the  time  of  makiug  these  ob»erviitioD:4  no  water  was  used  froi 
the   Hemlock   lake  system  for  either  s£>riiikliug  streets  or  Hushiiii 
sewers,  and  th«  figures  may  iii  cousequeuee  bo  tokcu  as  ap|)lyiug 
the  problem  in  hand  without  material  correctiou  or  moditicatioo. 


EEBfLTs  or  Skweii  Gaobob. 

So  far  as  the  authors  are  aware  the  most  extended  series  of  gaging 
of  sewer  discharges  thus  far  made  in  this  country  are  those  of  Sitinue 
M.  Gray,  M.  Am.  Hoc.  C.  E.,  at  Providence.  R.  I. 

Table  No.  29,  from  Mr.  Gray's  Providence  lejiort,  gives  the  result 
of  a  number  of  these  gagiugs.  Iii  reference  to  the  variationa  p< 
iuhabitout  in  different  parts  of  the  city  Mr.  Gray  states  that  sewent" 
laid  in  wet  localities  furnish  a  much  gieater  quantitj'  of  sewage  pe^ 
inhabitant  connected  than  do  those  laid  in  the  drier  part  of  the  cityj 
due.  as  already  noted  in  Boston,  in  most  ItK^alities  to  spring 
ground  water  wliich  thus  tiuds  its  way  inti>  the  sewere. 

The  daily  use  of  water  per  CH])ita  in  Providence  is  about  50  galloni 
and  tlie  new  intercepting  sewers  are  designed  to  carry  60  gallons  ■ 
sewage  per  inhabitant  per  day  in  addition  to  ^Jj  inch  of  rainfall  p 
Lour  and  the  manufacturing  wastes.     The  niannfacturing  wastes  m 
estimated  to  flow  ofl'  in  ten  houi-w ;  while  one  luilf  of  tlie  sewage  is  est 
mated  to  flow  off  in  seven  hours. 

In  1885  George  S.  Pierson.  C.  E.,  made  a  series  of  weir  measurenient^ 
of  the    flow  of   the  Warer   street   main    sewer    in    Kahima/oo,  MJch^ 
Readings  were  taken  on  Monday,  March  9,  1885,  from  1   a.  M.  to 
o'clock  midnight.     Tlie  niininmm  discharge  occurred  at  3  a.m.  ai 
amounted  to  224  gallons  per  minute.     The  maximum,  amounting  to  '2f 
gallons  per  minute,  occurred   at  4  I'.M.     The  mean  discharge  for  the 
whole  24   hours  was  254  gallons  per  minute.    Taking  the  mejiu  dis- 
charge at  100,  we  have  the  minimum  fur  the  day  88  i>er  cent,  of  the 
mean  ;  the  masinium  113  per  cent,  of  the  mean.* 

In  January,  181>1.  the  flow  of  the  main   outfall  sewer  of  the  StnJ 
lusHue    HospitiJ    at  Weston,  \V.  Va,  was   gaged   by  weir   nieasuf 
mcnt  under  the   dinctiou  of  Mr.  Rafter  for  a   periix]  of  48  honi 
This  sewer  is  of  vitrilit-d  tile.  12  inches  in  diameter,  and  probaldy 
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iiciuly  iilisoititi'Iy  irapcrvious  as  such  a  sewer  can  l>e  uiade.  An  exam- 
iiittlinii  of  tlit^  joints  lit  a  number  of  test  pits  inclicated  that  nvat  or 
nearly  uoat  Ptirtlami  cement  had  been  freely  used  in  makinir  the 
joints,  overy  one  e\nmim>d  sliowing  the  bells  well  tilled,  with  large 
w«iU  uf  ct'ment  under  luul  annmd  tlii'  joints. 

Till'  trilmtary  population  at  the  Hospital,  including  patients,  offi- 
wrH,  iittciidnnts,  and  servants  is  almost  exiii'tly  1,000.  In  addition  to 
wwa^o  proper  the  sewer  ri-ceives  some  roof  water,  but  at  the  time  of 
milking  the  ^a^inpt  there  was  neither  rainfall  nor  melting  snow  to 
contribnte  fmm  this  soiiree.  The  sewer  received  the  water  of  con- 
tlensation  fnun  the  steam  heating  apparatus  of  the  Hospital,  amount- 
in)f  ill  Januurv  to  aliout  lO.tMKI  gidions  per  day.  Aside  from  this 
u^Iditiou  the  results  may  1h'  taken  as  representing  the  normal  smonut 
of  ftowa^t  of  the  iiistitutiou.  Self-closing  fixtures  are  in  use  through- 
out the  building,  and  tin  serious  sources  of  leakage  from  the  water 
fixtures  i'i>uld  Ih>  discovered.  The  total  mean  flow  for  24  hours  was 
found  to  be  101,1*47  gallons  ;  the  maximum,  amounting  to  6,696  gal- 
lons per  hour,  oei-urring  ln'tween  !>  and  10  a.m.;  the  minimum,  of  2,079 
giillons  per  hour,  tuvumil  lietweeu  1  and  2  A-X.  Deducting  the  esti- 
utiited  Wivtov  of  condensation  of  10,0t*0  gallons  piT  day  there  remains 
the  sewage  pmper.  about  91,000  gallons  per  day,  which,  for  a  tributary 

Mais   Oi-rfAi.i.  Skwkh  or  thr  Statk  Issask  HoariTAL  at  Wgwrcw,  Wkst 
Viaamu,  iH  Jamdaav.  isn. 
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population  of  1,000,  amounte  to  91  gallons  per  day.  Table  No.  30 
gives  the  details  of  these  gagings. 

In  Febnrary,  1892,  WiUiam  B.  Landreth,  M.  Am.  Soc.  C.E.,  gaged 
the  flow  of  the  main  sewer  of  Schenectady,  Xew  York,  for  a  period  of  24 
hoars.  The  main  outfall  sewer  of  Schenectady  receives  the  drainage 
from  about  15  miles  of  lateml  sewers,  of  the  separate  system,  having 
1,500  house  connections. 

At  the  time  of  the  gagings  no  roof  water  was  flowing  into  the  sewers, 
hut  they  were  receiving  50,000  gallons  in  24  hours  of  flush-tank  dis- 
charge and  60,000  gallons  by  seepage,  as  determined  before  the  hons© 
connections  were  made. 

Table  No.  31  gives  the  results,* 


Table  No.  31.— Houki.v  Flow  akd  Pkhcentaok  op  thb  Sake  op  the  Totai.  Flow 
IN  THE  Main  3bwer  at  Schenectady,  New  York,  por  24  Hourh. 
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From  this  table  it  appears  that  the  greatest  flow  was  at  10  a.m., 
when  5.04  per  cent,  of  the  total  daily  flow  of  about  860,000  gallons  was 
]Kissing  through  the  sewer.  The  minimum  flow  of  3.52  per  cent, 
occurred  at  3  a.m. 

Comparing  the  Schenectady  gagings  with  those  at  the  Weston  Asylum, 
it  appears  that  both  the  maximum  and  minimum  flows  occurred  later  at 
Schenectady  than  at  Weston,  which  is  probably  accounted  for  largely 
by  the  greater  <li,stance  which  tho  sewage  travelled  at  Schenectady. 

In  tho  spring  of  18i)l  gagings  were  made  of  the  flow  of  sewage  in 
several  sewers  at  Toronto,  Ont.  Tlie  gagings  extended  over  three 
days.     Tlie  results  are  given  in  Table  31A.t 


"Eng,  New.,  Fol.  ixril.p.  S0.5{Man!h3fi,  1892). 

fRag.  Sew*,  vol.  xxviii.,  p.  llifl  (Nov.  34,  18113).     Thi>  table  orlgrnkllyappeond  mbaUntlally  M 
here  given  in  the  report  ot  the  City  Engineer  of  Toronto,  Ont.,  for  1891. 
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Tabi^  31A.— Sewek  Qaoihos  at  Toronto,  Obtabio.  is  I8D1. 
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*  EMImnlol  frrtin  ■jhafliinont'i  of  1890  and  njuua  ot  ISftl. 

A  Year's  Daily  Sewace  Pumi'Ixg  Records  at  Atlantic  Cm,  Nkw 

Jeksey.* 

One  of  the  moHt  valuable  eoiitributioiis  to  tho  subject  under  diecus- 
aiou  is  the  daily  sewage  pumpinfr  lecorda  in  trouiiectiou  with  the  sew- 
age purification  works  at  Atliiiitic  City,  New  Jei-aey,  given  in  full  for 
one  year  and  diacussed  in  detail  below. 

Daily  records  of  i)iini]fayi-'  and  inul  con»iiinption  aid  kept  by  tlio 
Atlantic  (Jity  Sewerage  Company,  'llie  puiup  register  is  reatl  at  12  M. 
each  day,  allowanceH  l)einji  inadw  for  slip  and  wear  of  the  plunger. 
The  dirtfirani,  Plato  II.,  shown  the  imniiiage  of  sewage  for  each  day 
from  December  1,  ISill,  to  November  30,  18!)2,  The  diagram  also 
shows  the  rainy  dayn  of  the  year,  and  the  masimuni  and  minimnm 
temperatum  of  each  month,  by  dates.  The  tignrcH  from  which  the 
diagram  was  compiled  are  given  to  the  nearest  tlionaaiid  in  Table  3lB. 
Sundays  and  rainy  days  are  indicated  both  in  Table  31  B,  and  the  dia- 
^am,  Plate  II, 

Tor  an  understanding  of  the  diagram  and  the  accompanying  tables, 
it  is  necessary  to  state  that  there  are  two  seasons  at  Atlantic  City,  a 
winti-r  and  a  summer.  The  winter  season  begins  about  Jauuaiy  15, 
and  is  said  to  coutiiiiie  often  until  .Tune  l.'i,  v.hen  the  summer  sr-H«on 
opens.  In  .Inly  and  August,  lSi)2,  it  is  said  that  the  average  popula* 
tion  was  lOd.OllH.     The  resident  popnlalion  is  at  present  tibont  15,tlOO. 

•  KFuradE»I  fraid  Kag.  S«K».  vol.  %nx.  pii.  l'JU-1-.M  (IVIi.  n,  18113]. 
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Table  81A. — Sbwbr  O&oinob  at  Torokto,  Ontakio.  in  1891. 


Siv  or  never. 
■'    H    ■■  .   BIl.U  liiB 

ill 

■ 

■< 

d.485 

in-t 

PopulntlDIl," 

IliEchfiTae  In 

1 

•r 
C 

1B.T 

8.8 
44.0 
46.5 

17.H 
4-i.H 
3II.H 
41.4 

It.tl 

41.7 
41,7 
H4 
46.7 
38. « 

!4.0 

nii.uu 

1?.IS« 
3,lftS 

ftTi 

4,MI5 
1,0,15 
B.IUCI 

.  ll,li"> 

8,af» 
MSi 

11.8.^ 
■  11,3«U 

7,838 
14.«I^ 
tM.«ia 

ii 

^  e 

B 

a 

»!!!.** 

31.S.0 
lti.74 

».ra 

lil.WI 
K7.W 
71  BH 
87.S0 
OSM 

80.  K^ 
7U,U4 
70.67 
117.10 
IW.79 

^  E 
.11 

.fi7 
.UH 
1.49 

.«> 

.in 

.K 
.4* 

.sa 
.11 

.Wi 

.« 

.08 
.19 

St 
Ik 
II 

i 

h 

c 

:i 

10.S7 

n,7fl 

11,07 
4S.14 

lo.n 
i8.ro 

lfl.44 
B.M 
1B.19 
10.90 
1S.U 
ll.St 
S.04 
14.01 
11.86 
1.03 

40U.4IO 

4a.u» 
u.iot 
4i.oia 

IMWS 

S18U) 

ioa,04« 

Mi.7e8 

MINI 
118.440 

llfl.!tl» 
lOl.lM 
101 .6  in 
IBS.HM 
1SS,043 

77 

-  II  •■•*'■  n  ■■ 

SI 

■.• 

■■  u   ■'  «  s  "  II   '■ 

.  ...i        i;i 

sts 

n 

■i 

■■    0    •'  .   3  ■■  II    ■■ 

-m  1 

ii:i 

:i 

■■«".*-«■' 

101 

n 

■■    11    ■'  .   S  ■'  l>    ■■     ,,.. 

■s 

UK 

113 

n 

M 

M 

-    11    ■•     iliam 

740 

IN 

i 

■•    11    ■■  .   nir.li  Jm 

-    K    ■■  .   4  ■■  0    ■■ 

1      *a5 

8> 

m 
iii> 

A 

'■   u   ■•  X  &  •■  n   ■• 

811  ] 

8S 

4 

63 

/               1 
H.™i 

.9)0 

n.a 

W 

iw.ofii 

1 

l.WI.SO 

i.oes.osi 

*  BflUmnlfO  fmm  uivflvmont*  of  1890  and  miiida  ol  1S91. 

A  Year's  Daily  Sewage  Pumrixo  Kecords  at  Atlantic  Citv,  New 

Jersey.* 

One  of  the  most  valuable  contributiouB  to  the  subject  uoder  discos- 
sion  is  the  daily  sewage  pumping  records  in  connection  with  the  sew- 
age purification  works  at  Atlantic  City,  New  Jersey,  given  in  full  for 
one'year  and  discussed  in  detail  below. 

Daily  records  of  pumpage  and  coal  cousnmptiuu  are  kept  by  the 
Atlantic  City  Sewerage  Company.  The  pump  register  is  read  at  12  il 
each  day,  allowances  being  made  tor  slip  and  wear  of  the  plunger. 
The  diagram,  Plate  II.,  shows  the  pnmpage  of  sewage  for  each  day 
from  December  1,  ISfll,  to  November  30,  1892,  The  diagram  also 
shows  the  rainy  days  of  the  year,  and  the  maximum  and  minimum 
temperature  of  each  month,  by  dates.  The  figures  from  which  the 
diagram  was  compiled  are  given  to  the  nearest  thousand  in  Table  3lB, 
Hundays  and  rainy  days  are  indicated  both  in  Table  31  B,  and  the  dia- 
gram, Plate  II. 

For  an  understanding  of  the  diagiam  and  the  accompanying  tables, 
it  is  necessary  to  state  that  there  are  two  seasons  at  Atlantic  City,  a 
winter  and  a  summer.  The  winter  season  begins  about  Jannaiy  15, 
and  is  said  to  continue  often  until  June  15,  vhen  the  summer  season 
opens.  In  July  and  August,  18i)'2,  it  is  said  tliat  tlie  average  popula- 
tion was  100,000,     Tlie  resident  population  is  at  present  about  15,000. 

■  lloacranifi'd  from  Eng.  Nona.  vol.  xxix.  pii.  12.'!-I'J4  (Feb.  9,  1803]. 


Tabi.b  No.  31  B.— Dailv  Pdmpaob   of  Sewage   in  Thousands  of  Qallohb  at 
Ati^ntic  City,  Kkw  Jkiisbv,  tkom  D.  f.  1.  ISlll,  to  Nov.  30.  IS92. 
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R  No.  31  B.— Daily  Pumpaob  of  Sewage   in   Tiioubands  of  Qallonh  at 
AT1.AMTIC  City,  Skw  Jkkbkv.  fri)>i  D.  f.  1.  ISUl,  lo  N«v.  3(),  IB82. 


of  rnonlh. 


■1   ... 
fngo. 


■I  ... 

■n>lK. 


I.HII 

1.5511 
1,9U1I  11 
I. IK* 
l.VIU.'f 
]..■!«'>  It 
l.trTO 
l.ntlN 

i.eia 
i.nm 

l.,M* 
1..'r»l  S 
1.3.'>B 
l.nOB 
1.4i:lT  k 

i.ii;;o 

i,.-ai 
i.iws 

I.Wl 
I.6M 

i.;>M 

I.HL'I  it 

i.ri7!> 
I. an 

1.1M1S 
I..V.-1 
1.H1KR 
1,TM<  11 

411. 1(  I)* 
J.SHI 


&31NS 

tva 

t.ll:i 
!I.II1H 

t.i;ii  It 
i.vr:  It 

a.im 

t.WL 
»^1.|!) 

S.UiW 
t.KR 
S.27I 

v.v.a 

S.1N5R 

*.se7 

^..'I'W 

a.^.i  It 


W,WO 

t.ami 


JnnuiirT. 


I.X4U 

1.7^»  u 

1.8-JS 
I.I^IR 
1  .T-KI  It 

I. Tie 

1.6U4 
I.IM 
1.72S  W 
1.501  R 
l.»» 
I. till  It 
I.IWI  It 

i.Tian 
i.'.ii 

l.ITTR 
l.TJIll  It 
i.wri 

I.TiW 

i,7ai 

1,7  IS 

t.ima 

1.U3I 

i.Kji 
i,;4j 
i.7sn 

l.TOW 
l.tiSOS 


i.roi 


July. 


3.«nit 
a,:fliii 
a,  1.^1  s 

S.'.«B  11" 

3.4;i!' 
:i.i(ii< 

«.I)PT 
S.UWi 
S.KJM 

■i.HTTH 
^TWl 

lt.K;4  1t 

S.SVI  8 
S.ih.T 

t.Tni  II 
men 

S.WI 

».l)lil 

■J,  WIT 

a.ft-h".  H 

a,Hiu 

».iri.i 

a,Bsi 

s.mi 

S.KII 

%K<V  Kll 

98. 'T. 
«.U.'I1) 


Ai>rll. 


l.imtlS 

i.ttue 
i.iim 

I.F>« 
I.IMH 

i.mr 
i.in4S 
i.tw 
i.no 

V.JI4  R 

I. mi 

tt.DS* 

i.in» 

«.I<IES 

d.WI 
•J.T,f, 
i.1M 
»,«1  Rl 
t,4tTR 

ivei 

*.S04 

s.«a4 
a.DiiT 

S.lBl 
>.tlB 

3.048 


Anj(iiBt. 


BeiiEembvr, 

Odobtr. 

Novnqbar. 

lt»1 

s.«a 

I.Ml 

'       %''i] 

•i.-aoB 

*,W>7 

a.ei4 

9,1a) 

i.ww 

S,I10IB 

l.MB 

i,imR 

».Mrt 

i.ae 

i.un 

971(1 

«,a« 

a,u36a 

s.usi 

*.i(ii 

i.tnsRi 

II,WM 

tSU7 

a.uBs 

3.W7 

i.iuvs 

a.(iTU 

£.414 

S.17* 

1.3WIB 

a.6i7  g 

».](>T 

9,144 

•t.r.i 

«.]lfl 

1.479 

S,4T7 

1.KM 

2,560  8 

«.r>iG  R 

l,!M7 

9.4  lU 

ii.4Hn 

l,l«8 

t.WXIR 

ijM 

l.ieiFI 

11.073  K 

S.WI 

l.VMl 

t.'JM 

2,-tWB 

.1150 

3,B19  R 

asm 

:.»« 

«.S5S 

•i-WB 

MM 

8,374  8 

a.srt 

l.IHI 

s.-im 

IfllSR 

ausT 

9.B13 

».:I1II 

S.IOI  B 

3.»» 

s.sso 

a.uiii 

!.»«« 

I.SMIS 

ifcOWl 

3.W« 

S.47BR 

».i>«i 

»,WT 

»,»44 

a.wa 

9141  B 

i.aw 

3.1)71 

9.SM  R 

a.ani 

a.  mil 

3.1109  B 

*,i7S 

1.UI4S 
l.l'.M 

9.UI9 

TWIU 

114. 171 

6S.7T9 

t,Eil3 

i.mi) 

9,3WI 

^  Bnni1«r.         H  =  Itiln.         11*  =  Ui'ikv;  rain  pn-vloiiPi  iitulit.         K*  =  Ruin  prpvloiu  niKht. 
vAlilvnlakJ  uQt  a>ira«p*iTiit  cr&ctlj'  Willi  tot«l>i  g^vtiii.  u  tfunncr  InctuiLir  the  ocUl  llfluniaailttoi]  IrDcnhaii- 
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SKWARK   DISPOSAL   IN   TIIK   UNITED   STATJ^. 


It  is  stated  that  tbeie  lut'  ovtr  CCO  hotels  and  boarduig-huuses  and 
iifHily  4,000  houses  in  the  eity. 

Thiit  uot  rtll  of  till-  ImildiiifTs  me  «np]ilied  with  water,  and  that  all 
HO  nnp])lied  arc  uot  connected  with  the  Bewers,  is  shown  l>y  the  follow- 
ing figures: 


i 


Niimbdr  Df  lapa. 

osmastliuiik 

g»e««»  of  nUr  onr 

AllrU'lil*  l.'ll> 
W.  W.  Co. 

Water  Cu.           ""■■ 

1 

NiimlMir.         IVroset. 

1.M8 

MMJ         '      1.TTB 

1 

l.S«         1         DM         j         (0 

' 

The  relative  average  ilaily  amounts  of  water  consumed  and  of  sew- 
age pumjied  from  Decembpr  I,  1K91,  to  Novi'uiber  .^11.  lKit2,  arc  shown 
in  Table  31  <_',  tht;  tigurt-s  for  the  t 'uusuiiifrs'  Water  Cnmjiany  not  be- 
iiifT  based  ou  accurate  records,  but  being  estimated  by  the  engineer  of 
the  company  for  use  in  this  conncctioii. 

These  figures  show  that  the  excess  of  average  daily  water  consunip- 
tiou  over  sewage  pumped  ranged  from  11  per  cent,  in  July  to  75  per 
tent,  in  September,  and  axcraged  4.5  per  cent,  fur  the  year.  As  stated 
above,  there  were  50  per  cent,  morf  water  tape  than  sewage  connec- 
tions at  the  beginning  cjf  the  year,  and  38  per  cent,  at  its  close.  The 
relative  monthly  consumption  of  water  and  pumpage  of  sewage  is  also 
shown  graphically  by  the  diiifiram,  Fig.  (>. 

Table  31  C. Avi;ha<ie  Daii.v  Wateu  CDssiiiirnoN   and  Sewaok  Pcmpawk  at 

M0KT118.  AT  Ati.anticCitv,  New  Jkiiskv,  pkom  Dec.,  1891.  to  Nov..  IBM. 
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The  greatest  amount  of  sewage  pumped  in  any  one  day  daring  the 
year  was  3,937.720  etHoi^i  *^hich,  it  is  interesting  to  note,  was  on  July 
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Table  3ID.— Maximum   anu   Mimhuh   Daily   Puhpaoi^   up  Sewaob,  by  MuktiIb 
AT  Atlantlc  City,  New  Jkuhky,  Kijii  Tiiit  Yeab  ^ndinu  with  Sovembek,  ISUS, 
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twelve  months,  tbougli  no  heavy  rains  are  mentioned  ia  connection  with 
minimum  as  with  niaximunj  piimpiige.  The  aejtarate  system  of  sewer« 
is  in  use  at  AthmticCitj',  with  a  few  joof  connei'tious,  principally  for 
Hushing.  Some  leakage  woulil  be  expected  under  the  most  favorab; 
circunistancen,  and  some  at-tniilly  occurs,  us  ishowu  above.  The  ma: 
mum  iJumpaRO  ior  January  occurred  on  a  day  reported  in  the  pumpagt; 
records  as  "  very  cold." 

lu  order  to  see  what,  if  any,  effect  temperature  had  upon  the  jimoun' 
of  sewage,  the  maximum  and  minimum  temperatures  of  each  mouth 
were  compiled  from  the  United  States  Monthly  Weather  Review, 
as  given  in  Table  3lE,  iuid  then  plotted  ou  the  diagram,  Plate 
T,ow  temperatures  in  winter,  through  waste  of  water  to  keep  plumlii 
from  freezing,  and  high  temperatures  in  summer,  might  be  expected 
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Table  31E. — Mostrly   TeMPBBATL'nEM   and  Phecipitatiok    at   Atlantic    Cii 
Nbw  Jkuh&y,  vok  Tutc  Elevek  MoNTue  endinu  wrtB  OcroBkii,  JS03. 
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a.use  an  iucrense  in  the  aniouut  of  sewage,  aud  doubtless  do ;  but  the 
tigitrea  compiled  luid  plotted  have  a  beaiiug  upon  ouly  two  days  iii 
each  month,  au<l  are  of  little  or  no  help  m  the  study.  Uuiortuuately, 
the  Weather  Ri-view  does  uot  give  daily  temperatures,  which  would 
be  of  iiiton-st  and  value  in  this  conneetiou.  As  showing  somethiug  o£ 
the  temperatures  of  the  whole  of  each  mouth,  the  meau  maximum, 
mean  miuimuiu.  and  the  half  of  the  sum  of  the  two,  are  given  below  for 
the  year,  in  connection  with  the  maximum  and  minimum  temperatures 
and  their  dates.  The  total  monthly  preeipitatioii  and  the  average 
pumpag-e  of  sewage  for  each  month  is  also  given  at  the  right.  The 
figures  for  November  were  not  available. 

The  t!old  weather  during  thi.i  first  part  of  January,  1893,  seems  t" 
have  had  a  marked  effect  upon  the  amount  of  sewage,  the  temperature 
and  pumpage  for  each  of  the  first  20  days  of  the  month  hanug  beeu 
as  follows,  the  thermometer  and  pump  register  being  read  at  12  m. 
«ach  day  : 
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The  average  diuly  pnmpaije  for  Jauuar.v,  1S32,  was  1,701,537,  against 
2,2(57.163  for  the  first  20  days  of  January,  1803,  and  2,172,05!)  for  the 
year  ending  Novfmber  30. 181)1,  The  number  of  sewer  connections  in- 
creased only  about  IB  per  cent,  between  January,  1892,  and  January, 
1893,  while  the  daily  amount  of  sewage  pumped  in  the  first  20  days 
of  January.  1893,  was  about  .^3  per  cent,  greater  than  the  averagu 
for  January,  1892.  For  the  year  ending  November  30,  1892,  the 
l^htest  pumpage  was  in  the  month  of  January.  From  these  figuren 
it  appears  that  the  cold  weather  of  January.  1893,  greatly  increased 
the  amount  of  sewage  at  Atlantic  City,  although  there  may  have  been 
other  causes  contributing  to  the  increase,  such  as  an  nmisnally  large 
namber  of  visitors  in  the  city,  although  at  this  season  of  the  year  the 
Utter  supposition  seems  hariUy  probable. 


CHAPTER  Vni. 

GENERAL  DATA   OF   SEWAGE   DISPOSAL. 

The  CoNSTirrENTH  of  Sewage. 

Obdinabt  city  sewage  isoutaiiis  h  great  variety  of  mgredieiitB,  ae, 
for  iijstauce,  urine,  feues,  ttible  ilropiim^B,  and  the  waste  water  from 
kitcheus,  baths,  laundries,  juid  otlier  domeHtiti  offioes.  In  mauufaetur- 
in^  diatrieta  it  may  further  contaiu  the  refuse  subatances  of  various 
m ai I  iifao taring  proceases,  the  whole  diluted  with  a  considerable 
auioiint  of  water,  to  which  in  rainy  weather  is  added,  in  towns  with 
comljined  systems,  a  large  amount  of  sand,  earth,  ami  organic  matter 
from  the  snrtiuiea  of  the  streets.  With  a  sepai'ate  system  of  sewera  the 
street  washings  are  excluded,  and  the  sewage  has  in  cousequenoe  a 
more  permanent  character  tiian  is  found  in  the  sewage  from  combined 
systems.  Sewage  from  separate  systems  may  be  therefore  cousideri-d 
somewhat  more  amenable  to  economical  treatment  than  that  from  com- 
bined systems,  not  only  Ijecause  of  its  permanent  character,  but  by 
reason  of  uniformity  of  quantity;  both  considerations  leading  to  de- 
crease in  first  cost  of  disposal  works  as  well  as  to  decrease  in  annual 
expense  of  operation, 

Sewebaoe  Systemh — Separate  ok  OoMnr^•ED. 

The  relative  advantages  of  the  two  systems  of  sewerage  have  been 
ably  discussed  in  American  sanitary  literature  by  Eliot  C  Clarke,  M. 
Am.  Soc.  C.E.,  and  Col.  Geo.  E.  Waring.  Jr..  M.  Inst.  O.E.,"  and  oUi- 
era,  and  the  subject  will  be  pursued  no  further  here  thau  to  point  out 
that  the  ret-ent  extensions  of  knowledge  of  the  causation  of  typhoid 
fi-ver  and  the  other  water-l>orne  commnnicable  diseases  enforce,  some- 
what, the  argument  for  separate  systems  wherever  they  are  applicable, 
by  reason  of  the  greater  amenability  of  the  sewage  therefrom  to  puri- 
fication treatment. 

In  the  chapter  on  The  Infectious  Disea.se  of  Animals  it  haa  been 
shown  that  the  excrements  i»f  animals  are  nearly  as  prejudicial  as  tlioso 

•  T!"'  Sepsrite  Sy.tora  irf  Sewcrige.  tJy  Kli..t  C  CUrli-.  8-1  An.  Rupt.  Maw.  St  Bd.  Hollk. 
Lnnwy  "ndrlmrily.  Bu|.|..  I«S(I.  vp.  2-'h-«. 

Set/rnai-  ""I  l*n  I  Dmimnii.  By  Uw  K  Wiitin([,  Jr.,  etc.,  Chuptef  lU,  Tlw  Syatcni.  Oo«- 
bincd  or  8i'|«mti>.  lip.  "JS-*1. 
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of  mail :  au(l  with  tliis  iiieiuise  admitted  it  would  Jippeui'  at  tirst  wight 
that  the  force  of  the  aigumeut  in  favor  of  separate  syatems  is  con- 
siderably inodified,  in  foiiseqiience  of  the  large  amount  of  nuiumi 
«xcrremeuts  which  miiHt  be  inevitably  vs-aahed  froiu  the  utreet  surfaces 
into  the  cleau  water  conduits  with  every  raiufall.  This  objection  has 
some  force,  though  less  thiiii  may  a])i)ear  at  JirHt  eight.  To  begiu  with, 
paved  streets  arc  frequtiutly  cleaued,  and  in  places  where  this  work  is 
uuly  negligently  doue  a  more  rigid  administration  of  street  cleaning 
departments  may  be  relied  up(m  to  assist  iu  reducing  the  evil.  Again, 
it  must  be  remembered  that  absolute  immunity  from  danger  cannot  be 
hoped  for :  there  will  always  be  some  risk,  even  after  the  beat  has  been 
doue  that  is  potisible  iu  luiy  given  case.  Moreover,  su  far  as  public 
water  supplies  are  concerned,  the  tnie  remedy  lies  in  tlie  direction  of 
an  absolutely  uncontaminated  source. 

In  regard  to  the  treatment  of  stonn  water,  the  Elvers  Pollution  Com- 
mission, after  reciting  the  stondaids  which  they  propose  for  liquids 
deemed  polluting  and  iua<lmissible  to  any  stream,  eay:* 

TLe  entorcemeiit  of  these  Btaiidards  of  piii'ity  woulil,  as  we  liavi>  rujieateiJly  staled, 
ioflict  uo  serious  lujiiiy  npon  imhistrial  iiroceaaea  and  raaiiufactuies.  nor  wouW  tlje 
rBuiRditffl  vi?i]uired  iuvoive  BDT  ri.sk  to  tlie  piililic  bealtli ;  nevertheleHs  tliere  is.  in 
tlie  rase  of  toim  sewaRo,  n  condition  of  things  wlilidi  oiiglit,  in  our  liuinUe  opinion, 
lo  Iw  takoii  inLci  c^fliefiil  I'onsidei'ation  in  tlip  fiamingof  a  legislativp  enactment. 
TliL-  condition  to  wliii^li  we  ailndt?  ii*  lliat  L-aust-d  by  excessive  rniufall,  or  "  stoiin 
ttfttei,"  as  it  ia  teclmically  cidled.  To  movide  for  the  e!iee|itional  oceasioiiK  wljeu 
tliiH  i-onditiod  pi-QV!tih  would  entail  in  ujatiy  case-*  an  oxpfinditnre,  in  suweragB 
iFoi'kMi  many  times  gri'Hlei'  tliau  tliat  necessary  in  ordjnaiy  wpAtlior.  We  are  there- 
torn  of  opinion  that,  however  undoFiiiablo,  it  will  he  necessary  to  permit  storm  waler 
lo  flow  diieclly  into  rivers  mid  stieanis  without  pri'liniiiiary  cleansing.  Udtorluu- 
alely,  cheniioal  analysis  sliows  l.liaf  storm  water,  so  far  at  leitst  na  its  earlier  portions 
are  concerned,  is  more  poUutinj;  than  dry  weather  sewage,  owing  lo  old  deposita  in 
the  sewers  lieing  then  swe]i(  to  the  outfall ;  and  it  will  lie  ve I y  important,  ihereforo, 
to  gnard  againit  any  luiiioeussary  use  of  this  exceptional  pprmission. 

On  the  question  of  separation  of  sewage  from  rainfall  and  the  rela- 
tion of  snch  soparatiuu  to  |(urification  treatment,  Eliot  C.  Clarke  writes 
Bs  follows  in  his  report  to  the  Massachtisetts  Drainage  Oommissiou: 

So  ioog  as  il  via't  considered  anfficienl  to  pnt  Rewnt^c  as  well  aa  rain  into  xtreams 
01'  bodies  of  water,  this  double  use  of  the  ai'wei-s  was  pioi)er  and  economical.  When, 
hiiwever.  It  wai  thonjrlit  tn'cossary  lo  piiiify  the  sewage  by  treating  it  in  varions 
ways  liefore  |jeimitlini,f  il  to  esca|>e.  it  was  found  that  snch  o]ieratioas  were  rendei'ed 
veiy  didicult  wlieu  Ihe  sewage,  owing  to  the  presence  of  I'ain  water,  varied  greatly 
Imtli  ID  nmoiiiit  and  lOmi-aeter.  It  is  a  conijMinitively  simple  matter  to  deBigii  woika 
to  purify  a  regular  quarilily  of  («ay|  one  million  Kalhins  of  sewage  of  nearly  nuiforai 
i|nulity.  It  would  be  almost  impossible  lo  ilesigu  works  to  handle  and  purify  tew- 
H're  liable  to  vaiy  in  .|u,intity  fiora  one  lo  fifty  million  gallons,  and  also  to  vai-y 
tfiiiatly  in  its  cheniii-al  conslilueiils.  For  this  reftKon  the  proposition  is  generally 
ncci'pli'd  at  jircMr'nt,  thai  wherever  sewage  ninst  be  ptU'ifieJ  by  any  mode  of  trent- 
nient,  it  alioiild  be  kept  separate  from  the  rainfall  and  conveyed  iu  sewers  wliich  nra 
Used  for  no  other  purpose.     In  such  cases,  when  it  is  also  neceasary  to  remove  the 

•  Tliird  RBjit.,  f.  55. 
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rainfall  bv  nieniiR  of  Bewer*.  a  distinct  fysleiii  of  siieh  stiiictnies,  devoted  to  tbat 
|iiii'|">He  oiilv.  tiiiisl  lie  liuilt.  Hnch  a  i[on\ilf  !>vstf-iii  <.>f  i^oneni);)!  lias  liotli  ail\iiii- 
tu;^i'r^  Hiiil  [liMiilvn]ilu-!L'«.  Tlie  JS('U'c-l'^  for  KenngL'  oiilv  can  be  VFi-y  Koiall,  ami  nlll 
fusi  oiilv  uIpiiiiI  (wii-lifUis  us  iiiiH-li  Its  tb'  lliose  ilc'siyiifd  for  cunjiiig  miii,  or  Jiiiy 
^i.lHHi  to  t?f.lJU(l  [in  niiW.  ill  aouii^  |i1ui-(^k,  nLcie  llie  ifiiiovul  of  Tuiii  jh  ui>I  a 
pl'<3hiii]ig  iteci'Hhity,  mill  tLe  cnsi  ut  a  luigc  avalelii  of  Bt^H'L'in  uitiilil  [U'l^cllido  ita  con- 
st lui-tinri,  '.mail  si-wpi's  for  leiiioviji.^  sewage  ]'1o[h-l'  caij  aomnliiiies  be  biiilL  for  a 
sum  witliiii  IliK  means  of  IliP  loim.  Wlieii  llie  svhtem  for  removing  niin  must  In- 
co-pxivusive  u'itli  Iliat  (or  n.'iiioviiig  tlie  tii'n'a);)!.  tbe  i^oat  of  tbc  tb<iilile  KVHtem  mil 
be  about  tivo-tiltlis  (;i«iti'r  tliaii  Ibut  of  ii  singlL'  one.  l'»Liall,v.  Iiowevci',  llii-  lain 
water  system  need  (jol  bo  so  i-iteiisive  as  the  otber,  aud  tlie  rain  fan  be  iliNcbai-g'-d 
at  less  distant  oullels  into  brooks  trav.'L'i.iiiy  tin-  toiin,  wliereit  would  not  ito  to  )iiU 
sewage.  The  fii'st  poitiou  of  a.  I'ainfull,  ivliiclj  wukIioh  jurdn  ami  streets,  liecnmei 
very  dirly  ;  but  the  dltb  contained  by  it  in  not  coiiuiilcred  so  liiiuge lous  an  oidinaiy 
sewage,  nor,  coming  as  it  does  only  occosioiinlly,  :n  it  ho  liable  to  cnune  niiisunceK, 
Nolwitbstandinj;  any  diKiidvaiilagt^n,  lli*?  jiecf's.sily  (or  lieeping  tlip  sewage  by  ilseK. 
wheiii!ver  it  is  lo  be  treated  in  any  way.  is  so  apparent  tbat  it  may  bo  laid  down  a*  a 
role  tliftt  it  Bbould  be  done  where  praclitiuble, 

Tlie  foregoing  estnict  is  of  t-onsiileiable  intpveat  by  reason  of  em- 
bodyiug  tlie  views  of  Mr.  Clarke,  after  Le  liatl  been  cun  Iron  ted,  in  his 
investigations  fur  flie  Druinajre  Ci'iimiissiuii.  niili  the  varioiiH  serious 
problems  of  sewage  pmiticatiini  esisliiig  iu  the  rrgioii  ivhieh  he  spe- 
cially studied. 

In  relation  to  tho  impnswibility  of  treating  the  whole  flow  of  e{iiii- 
biut-d  systeiun  at  limes  of  heavy  riiiufall,  see  Chapter  VII.,  ou  Qusui- 
tity  of  Sewage  and  Variation  in  Kate  of  Flow. 


Thk  AvEnAiiE  tUjMi-osrnoN  of  Ameiiican  Sewaoe. 

In  American  eities  nsing  from  00  to  10(1  U.  S.  gallons  of  water  per 
capita  per  day,  the  sewage  is  niitui-ally  njore  dilute  than  in  foreign 
cities  where  30  to  50  U-  H.  gallons  per  capita  is  more  nearly  the  diiily 
allowanee.  As  appositely  remarked  by  Mr.  Mills  in  tlie  8|>ecial  Re- 
port of  the  Massaehiisetts  State  Board  of  Health,  we  may  say  that  tlie 
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sewagro  of  in  average  AmeriL-Mn  towu  will  loutaii],  when  utrougur  tluui 
oniiuaiy,  say  !)!I8  parts  i)f  water,  1  part  of  niiiifrnl  matter,  and  1  part 
o(  uvfjaiik-  ijwtter.  Tliti  miiierai  matter  is  m>t  gi'TienLlly  harmful,  ami 
the  ubjeft  of  Kewji-iif  pnntii:atioii  i?aji  Ijf  stated  ari  ehiedy  to  get  rid  of 

,  tLe  one -thousandth  part  of  organic  matter. 

The  i.'orri|io«itioii  of  tlii-  si-wug'e  of  Aim^rieau  towns  may  lie  taken  as 
Rveriift'iiig'  fairlv  with  tlie  results  in  Taliie  No.  32,  in  whii;h  is  given  the 

I  average  composition  of  thv-  ne.vrnge  leceived  at  the  experiment  station 
of  the  MuBsaehuaetts  Stato  Board  of  Health  at  Lawrence  for  four  yeai's. 
The  talik-  alao  shows  the  relations  of  the  solublo  alUiminoid  ammouia 
to  the  insoluble. 


The  Average  CoMrosiTioK  ok  English  Sewage. 

Table  No.  33  s:ives  the  averaye  compositiiMi  of  the  sewapre  of  a  Inrpe 
number  of  English  towns,  as  taken  from  tlio  Rejiort  of  the  Rivei-s 
Pollution  Commission.  This  table,  while  eoutainiug  the  averages  of 
the  most  complete  series  of  analyst's  of  Engli.Hli  town  sewage  that  has 
yet  been  made,  is  unfortunately  uot  entirely  comparable  with  the  pre- 

[viuna  table  on  account  of  the  use  of  a  different  system  of  chemical 
analysis.  If,  however,  we  bear  in  mind  (1)  that  free  ammouia  and  am- 
monia, albuminoid  ammonia,  and  organic  nitrogen  refer  to  the  samt) 

I  things  and  (2)  that  the  organic  nitrogou  is  usually  at  least  double  the 
albnmiiioid  ammonia,  we  are  able  to  nmke  eonipansous  which  are  dose 
enough  for  ordinary  purposes.* 

Table  Ho.  83.— Avehaiik  Composttioh  of  Sbwaob  of  ExoLien  TowNfl.f 
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Relation  op  Ameiucan  to  Enoijsh  Sewage. 

Comparing  the  averages  of  Tables  32  and  33,  with  this  understaud- 
[ing,  it  beoomes  apparent  that  the  ordinary  sewage  of  Kuglish  towns  is 

' "nklN  i*  in'endeil  ok  u  g^fpcrul  Etnt^-mu'Lt  only  It  in  dtjriveil  finm  tlu'  re-hltn  of  a  rjumbf t  nf 
[  rmnpHnitivc  ni»nl_vm  of  niirnrBl  wnt-  jtk  in  whii^h  the  Hlhuiiiiriui^l  aitmintiit  whk  dpt^mitneii  l>v  the 
f  Wituklili  pritocvfc  and  Ihi'  uiganic  nitrof^n  li^v  ttit-  KjelJnhl  method,  nn  given  in  pa]wT  l!*n  the  De- 
[ Ucniiiimtion  "t  tljo  Ot^iiii'  SilPiBPii  in  Natural  Waters  by  the  Kji-liliitil  Mi^tliuil,  hj  Tliomiw  M, 

f>tDiin,  M.D..  iinil  ftriity  Martin,  .--.U.,  Tcelinolodj'  QiiartBrlv.  B'cliriiiiry.  IWli      No  comfuiruonB 

wvre  iDAile  ivith  the  mmlinihtitm  pi^ocpa^  of  Franklund  mnd  Armntron^. 
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coiisiilerably  more  coucentruted  thiUi  tliiit  of  Ameriona  towns.  TIus 
]jtiiut,  let  us  Hay,  is  a  very  importaut  ouo  to  bear  iu  mlud  iu  tlm  npjiU- 
cutiuu  of  Eiiglisli  (lata  to  American  t;omUtio»s.  Tb«  Mji.ssMU'Lus^tts 
i-xperimeuts  liavu  iiidicateLl  that  tlmre  in  a  rolatiou  bt-twufU  tUo  pnrifj-- 
iiig'  capacity  of  (Uff(.-rent  tilteriiig-  materials  and  the  amoiiiit  of  imparity 
to  bo  remnvetl  from  samples  of  Bowage  of  varying  streiig-tb.  This 
lK)iiit  is  strongly  brought  out  by  the  several  series  of  esperim<>nt«. 
From  all  of  which  it  follows  that  with  higb  graile  intermitteDt  filters, 
jirepareil  iu  aeeorilaiiee  with  the  indications  of  the  Massaclmsetts*  ex- 
periments, we  may  expect  to  jiltrT  larger  vohimes  of  average  American 
dilute  sewage  per  unit  of  area  than  has  usually  been  found  expedient 
iu  English  practice.  The  use,  thercfoi-e,  of  English  intermittent  tilti-a- 
tiou  data,  without  reference  to  either  the  quuHty  of  the  filtering 
iiieilium  or  the  material  filtered,  will  be  likely  to  lead  to  erroneous 
eonclurtious. 

The  CoMPoarnoN  of  Losdos  Sewage, 

If  the  eompariaon  is  in  relation  to  the  average  sewage  of  Loudon, 
ttiimewhat  dift'erent  results  aijpear.  l\'e  find,  indeed,  that  at  present 
the  London  sewage  does  not  difl'er  gieatly  in  (•omi)osition  from  that  of 
iVmericrtn  towns.  This  conclusion  is  derived  from  Table  No.  33A  fol- 
lomug,  in  wliicU  are  given  the  means  of  a  large  numWr  of  annly.-*es  of 
Loudon  sewage,  jis  made  by  W.  J.  Dibdin  in  1H83,  and  ]iublished  iu 
detitil  in  the  Report  of  the  Royul  Commission  ou  Metropolitan  Sewage 
Discharge : 

Chabacteji  op  Draisage  fbiim  Street  Sdhpaiies. 

In  regai-d  to  the  drainage  from  street  surfaces,  the  following  analyses 
of  the  liquid  flowing  from  two  different  classes  of  pavements,  situated 
in  the  centre  of  the  city  of  Londou,  may  be  taken  as  showing  the 
amount  of  pollution  which  such  drainage  will  acquire  in  streets  with 

large  traffic :  ■ 

III!  imrw  prr  IW.HOU  } 
OompoMltlflii,  WDnl  pBvtiaptiL         MiHmdKEh  p«v#uvkL 

Appearance Dark  color  Sidle  color 

OJor, - Strong  uriue  Urine 

Clilorine 54.0  24  i 

Free  ammonia (i.80  3.54 

AlbtUDinoid  aminonia     , 4.25  2.4T 

Oxygen  Bbsorbed  bv  matters  in  solntion  in  16  min- 

nles   ■ 0.08  0.88 

Oxygen  absorbed  bv  niallprs  in  Milution  iu  4  honra.  4.0I>  2.fll 

„  ■        ,    ,        „     '  Olineml 952.«i  2020.60 

Buspended   matter     ,  l^^s  on  ignition 83.i0  77.70 

^.      ,     ,      ,.,     jMinera]  40210  17^60 

Dissolved  «olidB    j  Lo„  „„  ignition 117.10  88.60 

•  Prom  p^per,  Senge  Tiutmimt  >d<1  Sawii^^  DiBpoial,  li;  W.  S&nto  CHtdii,  Bn|{.  ud  BI& 
B«.  to),  ixvii.,  p.  337  (Feb.  IS,  18061. 
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IN  18SJ. 
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It  will  be  noticed  that  tiie  drainnge  from  wood  pavement  ia  consid- 
erably more  polluted  than  that  from  the  Macadam,  but  whether  thin 
IB  due  in  any  degrwe  to  differences  in  the  pavements  themselves  or 
entirely  to  variations  in  traffic  is  not  stated.* 

The  Data  of  Human  Excbeuents. 

Tables  Nos.  31,  35,  and  36  furnish  important  data  in  regard  to  the 
amount  of  the  solid  and  liquid  escrements  from  a  mixed  population, 
tocfether  with  the  proportion  of  organic  nitrogen  and  phosphates  in 
the  same.l 

ExcrementH,  however,  do  not  comprise,  as  we  have  already  seen, 
more  than  one-half  of  the  total  pollution' in  ordinary  sewage;  bnt 
even  with  this  understanding,  the  variation  in  quality  which  results 


Table  No.  34.  — Weioht  in  Pounds  ok  tub  Sui.id  and  Liquid  Exckbhbntd  op  a 
Mixed  Population  op  100,01)0  Pbhsons  fok  a  Yeah. 
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*Por  diBCufliion  of  the  elTect  of  difl«rent  kinds  of  pavementfl  upon  tbe  qiialUf  of  the  wat«r 
dniningoir,  tngeth^Twith  the  effect  of  muc)i  or  little  tnHicoii  atrpeta,  sc«  Report  of  Geuenl  Board 
of  Ht^th  on  Uetropolitaa  W&ter  Supply.  Appendix  'i,  p.  140,  Pn>feHHiir  Wa,v'H  who  made  the 
Krid  of  aiiAlyKB  there  diKiiMCd,  hu  Also  giren  Bome  of  them  in  hii  paper  On  the  Uw  of  Town 
Sewage  a*  Manure,  in  Jour.  Roy.  Ag.  Hoc,  vol.  it,  pp.  HU-LW, 

*  1  at  Rapt  of  Bit.  Pal,  Com, .  p.  37.     From  the  reaearoliea  of  WoIlT  and  Lehmann. 
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Table  No.  30  -  Weight  in  Ghatnh  op  tqk  Sm.in  and  Liquid  Excbkmenti^  j'I 
?KneoN  PER  Day,  aud  thk  OKOAnic  KiTHUohN  and  I'hospiutsb  Contaiki 
Tberbin. 
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Table  No,  36, — Wkioiit  in   Pounds  of  the  Solid  akd  Liquid  Excbi^xents  r\ 

Pkrsuh  rsR  Ybau. 
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fium  iliffereiices  in  the  aiiKiniit   i>f  water  supply   liecomes  very    ap- 
parent,  especially  when  we  study  tlie  question  witli  Tables  34  to 
before  ns. 

In  Tnbles  Nns,  35  nufl  36  we  liiive  si^en  tlie  t|iiiintity  of  escreiiientu  per 
(lay  and  per  .year  from  average  siiitjle  persons,  imd  also  from  lUU.OttO 
persons  of  an  averasre  urbiiu  po]Jiilatitm  ;  iind  wliilfl  we  have  nlready 
expressed  the  opinion  in  Chapter  IV.  that  the  theoretieal  values  of  the 
nmnunal  coustituenta  of  sewage  cannot  be  realized  in  pruetice,  we 
nevertheless  deem  it  desirable,  for  the  completeness  of  the  Bubject,  to 
give  a  short  discussion  of  fertilizers  from  the  more  recent  agxicultural 
point  of  view. 

The    tlu-ee    elements    in    mannres   of   tlie    great^est    value    to  plant 
life  are  nitrogen,  phosphoriL-  acid,  and  potash.     Nitrogen  and  phoi 
phoric  acid   occur  abundantly    in   human   excrements,  while  pot; 
occurs  in   somewhat  smaller  quantity.     The  fullowing  tnun  Wolff,  as 
given  by  Professor  Storer.*  shows  tlie  perceutiigo  uompositiou  of  t 
leading  coutituents  of  hnmiin  excrements. 
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■Agiionltqre.  »ol,  ii,.  |>  70. 
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Table  No.  36A.— Aterage  Compobitios  of  Hdhan  Exckemkhtb. 

(I-IT  Will.) 
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In  estimutin^  the  value  of  Imranii  excrements  for  manure  it  must  be 
further  remembered  that  ni^lit-isoil,  as  ordinarily  procurable,  ia  not 
nearly  ho  valuable  as  fresh  escremeuta,  because  of  the  fermentations 
and  leachiu^s  to  which  it  is  usually  subject.  The  following  tabulation, 
also  from  Storer  {lor.  cit.),  gives  the  average  compoaition  of  niglit-soil 
as  taken  from  vaults,  and  presumably  not  subject  other  than  as  stated 
to  leaching,  dilution,  etc. 

Table  No.  ;iSB.— Analyses  of  Night-boil  khom  Vaults. 

(Plt  DetlL.) 
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*Th4  lint  *p«lfn«ii  W4a  iindllnleit  mid  coniAiDtd  0,T6pvr  wnU  of  nrnmDiilB^  Iha  r«»n«1.  whicb  wumnch 
dllnted  vitTi  1ra(«r,  □autlLlni.Hl  only  U.31  per  «nt.  uf  mmmonla  ;  the  Ihinl,  which  u-rni  illlLlted  *\tti  fmm  twelve 
ta  BTEeen  per  cent-  at  wnter.  iwntjibifed  1.(^7  |>iT  rent-  oF  4min(>nl4  ',  all  of  thew  cDntnlneil  trmv*  of  nllmtsa. 

t  Tbk  imclmen  contAlned  0  fi^  per  cent,  of  itmmonin.  The  nverue  of  twelve  dltfifrent  nainplBfl  wee  0.^  per 
■ent.  of  nitngen,  llie  lUKnint  hivlni^  mngeit  froni  O.tt  tn  O.flS  pur  cent. 

Lawes  and  Gilbert  give  the  following  as  the  amounts  of  different 
substances  in  the  solid  and  liquid  excrements  of  an  adult  male  in  a 
year: 

Dry  substance — fieces,  23.76  pounds  ;  urine,  34.5  pounds  ;  total,  58.5 
pounds. 

Mineral  matters -fiect-s,  2.5  pounds;  urine,  12  pounds;  total,  14.5 
pounds. 

Carbon — faeces,  10.0  pounds ;  urine,  12  pounds ;  total,  22  pounds. 
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Nitrogen — tivces,  1.2  ]>oiiii(l ;  imiie,  10.8  ])oiniiis ;  total,  12  pounds. 

I'liospliurif  Kfict — fiit-es,  0.7  poiiuil ;  luilie,  1.93  poiiiui ;  totiil,  2.63 
pounds. 

Accoiiliug  to  Wolfl',  tbf  uiuouiit  of  potash  from  the  excreuifiita  of  an 
adult  luitle  per  year  in : 

Fwcen.  0.24  pound  ;  uriue,  2.01  pounds  ;  total,  2,25  pounds. 

In  ortler  to  ilhistrate  the  relative  uianurial  value  of  (he  excremoiits 
of  different  domestic  uuiiuals  io  L-oiupuriuon  with  human,  we  have  pre- 
pared Tahle  Xo.  3Ct',  the  data  for  whieh  are  mostly  derived  from  the 
researehes  of  Wo  Iff, 


-Taulk  No.  3<JC  — CoMPsmaoN  ok  M.vniuui.  Cosbtitcest*  op  tuit  ExcKcinDRll 
or  DouKSTic  AsrMAiM  akd  IIdmais  BKixoa. 

(Pviiq4b  per  bsL  loD.) 
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In  aewagre  nitrogen  is  nsnally  present,  either  as  carbonate  of  ammo-, 
nia  and  iu  other  ammoniat^al  salts,  or  as  org-anic  nitrogen  in  cout 
tiou  with  the  orgiuiic  matter.     Pbosplioric  acid  is  present  chiefly  ns' 
cither  iusolulde  phosphates  of  linio  and  magnesia,  or  as  soluble  phos- 
phates of  Boda  and  ammonia,  the  latter  being  the  mor«  important  in 
an  agricultural  point  of  view.     The  soluble  potm^h  of  Kewage  is  mostly 
derived  from  excrements,  while  the  insoluble  bidmice  i-biefly  results 
from  the  grinding  up  of  granite  pavements,  the  wash  therefrom  pi 
sing  into  the  sewers. 

According  to  Hoffmann  and  Witt  in  their  report  to  the  Commissioners 
of  the  Metropolitan  Prainajre,  the  manurial  constituents  in  an  impcrisl 
gallon  of  ihe  average  London  sewage  of  their  day  vttv  as  follows: 

Nitnigen,  grains  i>fr  gallon «.76 

Phosphoric  acid,  grains  per  gallcm 1.86 

Potash,  "         "       '•       1.09 

X  net  ton  of  sewage  of  this  average  composiliou  would  ctmtaio: 

Nitrogen 0.19  pound. 

Phoj'phoric  acid 0,053 

Potash UOa»        " 
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With  nitrogen  ut  17?  per  iioiiutl,  iihospboric  auiii  at  If,  anil  potash 

[at  5?,  the  theoretical  value  of  the  fertiliziug  ingredienta  of  such  a  sew- 

wuuid  bo  per  ut't  too,  3.85  cents.     If,  however,  wu  take  into  account 

I  various  losses  of  the  uitrogeu,  whicli  is  the  most  valuable  element, 

I  the  expense  of  tlistribution,  we  reduce  the  value,  even  when  applied 

to  the  bfst  adviuitage,  to  not  more  than  from  1  to  2  cents  per  net  ton. 

Wlien  flooded  upon  huid  at  all  times,  whether  required  or  not,  the  vidne 

iHS  a  fertilizer  may  qniekly  become  nil." 

'  Mn-nv  iif  the  4^ugniil€!  ijiie-^liuntt  i:i  ri'^rJ  (u  IIjl-  iipe  anil  iitiliKAlion  of  hiinian  txcrciiiantji  are 

uf  tUe  gri-utCAt  ijit«jcht.  and  tiie  r^ailur  who  t'lLjen  to  jTiirRiiu  tlie  ttiibject  farther  ehuiild  uoilbiilt 

l£[4r«r'ft  Agriuiiltiire.  vol.  ii.,  [^  71.  and  following;.     Alaop,  ^-ilfi  and  fallowing  i.>f  tbe  nairio  voluir^e. 

Tbo  foUowittg  pupcTB.  Uf  be  fotmd  ia  Jaiir.  of  tlit  Hoy.  A^.  Sue,  nf  Hug-,  wilj  bi.-  of  iTitercHt  to 

any  {reteuu  winhuig  Lo  btiidy  the  qLtestioa  of  the  une  of  fcrtiLizerB  id  all  it6  bf^oringft.     They  hiu  k 

frw  only  nf  the  niore  importauC  wliicli  have  berai  |iuliU»Ueil  by  tlie  Hoy.  Ag.  >.iio.  lincc  the  beyio- 

Ding  of  itfl  jofirniil  la  1.S40. 

Ill  On  the  Cum|>uBition  and  Honey  Talneot  the  Differflnt  Varieties  of  Gnano.     By  J.  Tbumai 

^  Way,  ooiiiulting  olieuiiflt  to  the  ti<ty.  Ag   Sctc.     Vol.  JC..  p|j.   I'-XV-'J^EO, 

(2)  On  ihi-  Power  of  Soils  to  Abiorb  Manors.     By  J.  Thomaa  Way,    Vol.  xi.,  pp.  313-3T9.    AIM 
I  vol   xi'i.,  p|i.  1^14^1. 
\^t  On  Agrieoltutal  Clieraiiitry — EspeiTtally  m  Relatiou  to  the  Mineral  Theory  of  Buon  L!e- 

By  J.  B.  LaWBsanrlDr.  J.  H.  liilljcrt     Vol.  xii..  pp.  1-40. 
H)  On  Siipetphoiphate  of  1  jme  -.  its  catn[ia«iliuii  anil  the  metUoilii  of  making  and  naiug  it,    By 
.  ThoniBH  Way.     Vol   xii,.  pp.  ;;(H-'.'iiH. 
15]  On  !hv  Li»t  of  Tuwo  .Seivugu  aa  Manure.'    By  J.  Thomaa  Way.     Vol.  iv,.  pp.  13S-137. 
[It)  Tbfl  Atnmnpht-re  u  a  Soiin'o  of  Nitrogen  to  Plants  ;  being  on  ueeonut  of  rei^rnt  reiearcbe* 
on  this  mubjtnl.     By  J,  ThoniSfl  Way.      Vol,  nvi  ,  pp.  24il-2tJ7. 
^L     (Tl  On  tlie  Ciimpoiition  of  the  Watera  of  Land  Drainage  and  of  Rain.     By  J.   Tboniu  Way. 
HVoL  iviL,  pp.   lii-lil^'. 

^U  IS|  On  the  Ooinpoeitian  of  Farmyanl  Man  lit-?,  and  the  Changea  mhicb  it  uudrrgova  on  Keep- 
^Htog  onder  DifTcient  CircnmstatioeH.  By  Dr.  Aoguatua  Voelekrr.  ProfeiAor  Cbemititry  in  the  itoy. 
^■Ag.  Col.  CirgucetU'r.     Vol  ivii..  pp.  191-'JU(I. 

^B    [11)  Ua  Fa>m>'ard  -^lanure,  the  Dnininga  of  Dnngheapa,  and  the  Abaorbing  Properties  of  SoiU. 
Bit  Dr   AnguBUia  Vi>rluker.     Vol-  xviii.,  pp.  Ill-I.'id. 
tlm  On  Liqiiiii  .Mmiiirp.     Ily  Dr-  Augiiaton  Voeleker.     Vol.  xix.,  pp.  BltlJi53. 
(Ill  On  tlie  t  'liin,;es  ivhioh  Liqnid  Manure  undert-ucj'  in  Contnot  with  different  Sdll  of  knamk 
roititxivitiaii.     Ily  Dr.  ALigi»Rtn*Voi'lcker.      Vol.  si.,  pp.  Ui4-l.S7. 
(I-I  Karniynnl  .Manor's.     By  J,  B.  I.awea.      Vol,  iiiii. ,  pp.  4.'j-48. 

113)  On  the  romini-reiitl  Value  of  Artilieial  Mamirea,     By  Dr.  Anguatua  Voeleker.     VoL  xxiii., 
[pp.  ■,'77--JSIl. 

(141  On  the  Utilization  of  Town  Sewage,     By  .1.  B,  Lavre*.     VoL  xxW..  pp  OR-OC). 

(I.*))  Eoitb  Vi-riiH  Water  for  tbo  RoinDval  and  Utilution  nf  Kxcrementitioaa  HatUri.     By   tha 

ev.  tlcniy  Moule.     Vnl.  x.iv,,  pp.  111-12.1. 

The  Money  Value  of  Night-wil  and  other  Maniirea.     By  P.  H.  Frere.     Vol.  nlv.,    pp, 
4-131 

On  the  Compotition  and  Praetlnal  Volne  of  Several  Bamples  of  Native  Gontio  prepaied  by 
:  A  II  C  Sewage  Procca.i  of  tbe    Sative  (Jiiono  Company,     By  Dr.   AiiguKtiii  Voelolcer,     S«;. 

,  rei.  vi.  pp.  41.'i-424. 
CIC)  On  thi-  Compoaition  and  Agrioiillnral  Valno  of  Earth-oloaet   Manure.     By.   Dr.  A"gu«lu» 
Vocldcer.     Stc  Ser,.  ^ol,  viii.,  pp.  lS5-3<a 

On  the  CiimpoailloH  of  Waters  of  Land  Drainage.     Bv.  Dr.  Aiiguatu*  Voeloker.  8eu.  ttd., 

X.,  pp.  lai-iia. 

On  tbv   Valnation  of  Ua-iUaiiatcil   Manures.      By  J.    B.  Ljiwea.     Sec  Set.,  rol.  xi..    pp. 
(31 1  Un  the  Amount  and  ('ompoaition  of  the  Dninago  Watcra  C'oUoctctl  at  Rothamated.    By  J, 
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Explanation    Concernisq  the  Analysis    op    FEirnuzEBs 

VALrATION    OF  THEIll    ACTIVE   InGBEDIENIB.* 


AND     TH8 


NmtoGES  is  tiie  most  run',  ami  commercially  the  mont  valuable,  ter- 
tili/iu^  elemt^iit. 

Free  iiitiogeu  is  indeed  uuiversully  aliuiiiljiiit  in  the  common  air. 
but  in  tliis  form  its  elferts  iu  nourishing  vegetation  are  as  yet  ob- 
scure. 

Organic  nitrogen  is  the  nitrogeu  of  unimal  and  vegetable  matters, 
which  is  chemically  united  to  caiboii,  hydrogen,  and  oxygen.  Home 
forms  of  organic  nitrogen,  us  those  of  blood,  Hesh,  and  seeds,  are 
liighly  active  a«  fertilizei-w  ;  othcMs,  as  found  iu  leather  and  peat,  are 
comparatively  slow  in  their  efi'ect  on  vegetation,  unless  these  umttt>ra 
ai-e  chemically  disintegrated. 

Ammonia  (NH,)  and  nitric  acid  (N.O,)  are  reaidtM  of  the  decay  of  or- 
ganic nitrogen  in  the  soil  and  manure  heap,  and  contain  "nitrogen  in 
its  most  active  fonus.  They  occur  in  commerce— the  former  in  sul- 
phate of  ammonia,  the  latter  in  nitrate  of  soda  ;  17  parts  of  ammonia 
or  6(J  parts  of  imi-e  sulpLate  of  ammonia,  contain  14  parts  of  nitro-^en  : 
85  parts  of  pure  nitrate  of  suda  also  contain  14  parts  of  nitrogen. 

Pho8PHOEU8  is,  next  to  nitrogen,  the  most  costly  ingiedient  of  fer- 
tilizBi-a,  in  which  it  always  exists  in  the  form  of  phosphates,  usually 
those  of  calcium,  iron,  and  aluminum,  or  in  ease  of  some  "super-phos- 
phates," iu  the  form  of  free  phosphoric  acid. 

Soluble  pliosphoric  acid  implies  phosphoric  acid  or  phosphates  that 
are  freely  sohdile  iu  water.  It  is  the  characteristic  ingredient  of 
super-phosphates,  in  which  it  is  produced  by  acting  on  "insoluble" 
or  "  reverted  "  phosphates,  with  diluted  sulphuric  acid  (oil  of  vitriol). 
Once  well  incorporated  with  the  soil,  it  gradually  becomes  reverted 
phosphoric  acid. 

Reverted  (reduced  or  precipitated)  phosphoric  acid  means  strictly, 
phosphoric  acid  that  was  once  easily  soluble  iu  water,  but  from  chem- 
ical change  has  become  insoluble  in  that  liquid.  In  present  usage  the 
term  signifies  the  phosphoric  acid  (of  various  pho.sphates)  that  is  freely 
taken  up  by  a  strong  solution  of  ammonium  citrate,  which  is  therefore 
used  in  analysis  to  determine  its  quantity.  "  Iteverted  phosphoric 
acid  "  implies  plionphates  that  are  readily  a.ssimilated  by  crops. 

Recent  investigation  tends  to  nhow  that  soluble  and  reverted  phos- 
phoric acid  are  on  the  whole  about  equally  valuable  as  plant  food,  and 

B  LawT!,.  J.  H.  Gillwrt.  ftnd  Robert  WkringtoD.  Sen  Ser.  toI.  i*ii .  Put  I.,  fp.  34l-'i71l  -,  Put 
Ii.,  pp.  llll-iaO;  fol    »viii„  Put  I.,  |.|i,  I  -71 

|S2)  On  the  Valtmtirin  of  UaEibsQitnl  Msniint  By  Sir  J-  a  Uo«  >Dd  J.  B.  Gilbert.  Sm. 
Bcr..  vol,  iiL.  pp,  f.MO-rtll 

•From  the  Aa.  itcDt.  nfUieConn.  Ag  Gx.  Ste  for  1X90.  pp.  17-IS. 


CONCEKNINQ   THE  ANALYSIS   OF   FKKTILIZERS. 


161 


of  nearly  equal  (;oiiiiuercial  value.  In  some  ciiBes,  indeed,  the  soluble 
jjives  bettiT  results  on  L't'opw,  in  others*  tlie  reverted  is  superior.  Ill 
most  iuatiiuees  there  is  priibalily  little  tu  i-IiooMe  between  them. 

Insoluble  jihusiiljorii:  .leid  implies  viiriotis  phosphates  not  soluble 
in  water  or  iiiuuiuuiurii  t-itnitf,  lu  somti  citses  the  phosphoric  iiciil  it* 
too  insoluble  to  be  readily  iiviiiliible  jus  pluut  fooil.  This  is  espeeiidl.v 
true  of  the  crystallized  green  Canadu  apiitite.  Boue-black,  bone-ash, 
South  Carolinii  nx-k  and  Nuvh-ikh  phosphate,  when  in  eoarse  powder, 
are  commonly  of  little  repute  as  fertilizers,  thoug'h  good  results  ai-e 
occasionally  reported  from  their  use.  When  very  finely  pulverized 
("floats")  they  more  often  aet  well,  especially  in  connection  with 
abundance  of  decaying  vefjetable  matters.  The  phosphate  of  calcium 
in  raw  boues  is  nearly  insoluble,  biieause  of  the  animal  matter  of  the 
Iwnes,  which  envelops  it ;  but  when  the  latter  decays  in  the  soil,  the 
phosphate  remaijH  in  essentially  the  "reverted"  form.  The  phos- 
phoric acid  of  "  Tliomas-Sla?  "  and  of  "  Grand  t'aymau's  Phosphate  " 
is  freely  taken  u]i  by  mips. 

Phosphoric  acid  ...  is  reckoned  as  "anhydrous  phosphoric 
acifl "  (P.O.),  also  termed  aiuonfr  chemists,  phosphoric  anhydride, 
phosphoric  oxide,  and  phosphorus  pentoxide. 

PoTASBitTM  is  the  constituent  of  fertilizers  which  ranks  third  in  cost- 
liness. In  pliiuts.  soils,  and  fertilizei's  it  exists  in  the  form  of  various 
8alts.  such  as  i-hloride  (muriate),  sulphate,  carbonate,  nitrate,  silicate, 
etc.  Potassium  itself  ia  scarcely  known  except  as  a  chemical  curi- 
osity. 

Potash  sipiiifies  the  substimce  known  in  chemisti-y  as  potassium 
oxide  (K,0),  which  is  rcckimed  as  the  valuable  fertilizing  iuf^redieut 
of  "  potashcK"  and  "  potash  salts,"  In  these  it  shouhl  be  freely  hoIu- 
hh'  in  water  and  in  most  costly  in  the  form  of  sulphate,  and  cheapest 
in  the  form  of  nniriate  (potassium  chloride). 

The  valuation  of  a  fertilizer  .  .  .  consists  in  calcnlatinj;  the  re- 
tail trade-value  or  cash  cost  (in  raw  material  of  good  quality)  of  an 
amount  of  nitrog'eu,  phosphoric  acid,  and  potash  equal  to  that  eon- 
tiiineil  in  one  ton  of  the  fertilizer. 

Pla.ster,  lime,  stable  manure,  and  nearly  all  of  the  less  expenBive  fer- 
tilizers have  variable  prli-es,  which  bear  no  close  relation  to  their 
chemical  composition  ;  but  ^tnauos,  superphosphates,  and  similar  arti- 
cles, for  which  $30  to  JSO  per  ton  are  paid,  depend  chiefly  for  their 
tnule-value  on  the  three  substances,  nitrog'eu,  phosphoric  acid,  and 
potash,  which  are  comparatively  costly  and  steady  in  price.  The  trade- 
*alue  |>er  pound  of  these  inc^redientB  is  reckoned  from  the  current 
market  prices  of  the  standard  articles  which  furnish  them  to  com- 
merce. 

The  consumer,  in  estimating  the  reasonable  price  to  pay  for  high- 
II 
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^I'ade  fertilizere,  bIiuii1(1  aiUl  to  the  traile-value  of  the.  above  umiitid  iu-j 
^redieats  a,  suitable  margin  for  the  espouses  of  aiaiiiifactui'e,  etc.,  snc 
for  the  convenience  or  other  advantage  iueiileutal  to  their  use. 


Theoretical  Valukh. 

In  order  to  indicate  the  theoretical  value  of  the  nitrogen,  phosphates] 
and  potash  of  sewage,  the  followiiij?  statemeut  of  trade  values  of  tlie  j 
fertilizing  ingredients  in  raw  materials  and  chemicals,  as  used  by  the 
New  York  State  Agricultural  Experiment  Station  during  1892  and 
1893,  is  iiic1ude<l.  It  is  stated  that  the  valuations  obtained  by  the  i 
use  of  these  figures  will  agree  fairly  well  with  the  average  retail  piica^ 
of  standard  raw  materials.* 

tHM.  18 

CU.  prt  ClM.  vir  I 

pODIH), 

Nitrogen  in  aramonia  salts 17|  17  . 

■'        in  nitntes , 16  16| 

Organic  nitrogen  in  drv  and  tine  ground  fish,  meat,  and  blood,  and 

in  liigb-grade  mixwl  fertiliyjrs 16  171  ^ 

Org&uio  nitrogen  in  cotton -seed  meal  nod  caslor-pomace 16  I6i 

"             "        in  fino  gi'ound  bone  and  tankage IS  18 

"            "       in  Hoe  gronml  ineiliutn  Imne  and  tAokage 12  IS  ^^ 

"             "        in  medinni  bone  aud  Linkage .  9}                  9  ^H 

"                      in  ciMiisu  bono  and  lunkage 7^                  7  ^^M 

"           "       ill  liiiiv,  horn  shaving!',  aiul  coarse  fish  »crapB 7                 ^j^H 

Pboeplioric  acid,  soluble  in  water 74                 *T^^ 

'■             "       Botable  in  ammonium  citrate 74                  8 

"            "      in  fine  Imne  and  tankage 7                  6 

"             "       in  fine  meilinm  bone  and  tankage... . 5f                  5 

"            "      in  inedinru  bon«  and  taiikoge 4i               4 

"  "       in  coarse  bone  and  tankage .3  3 

"  "       in    fine   cround    ttsh,    cotton-seied    meal,   caetor- 

pomace,  and  wood  a'lu's 5                   5 

Pbospborii.^  acid  in  Hoc  ground  rnrk  pbcispbale 2                    2 

Potash  OS  liiffh-grade  enlpbitte,  in  fotins  fre«  from  innriatea  (chlo- 

ridea).  in  ashes,  etc ,  SJ                  S| 

Potasli  in  kainit 44                41 , 

"    in  mnriale 44                 44j 

Org&nic  nitrof^n  tn  mixed  fextiliMTB 17  17j 

Insoluble  phosphoric  iieid  in  uiited  rertilizers 3                   Sj 

vu.VATti»i  o¥  namuzma  mawantam  is  idodb. 

Organic  nitrogen — 

Fhosphorio  a«id .■■  — 

Potash 

The  authors  are  not  to  be  umlerstooil  ns  in  any  way  implying  that 
theoretical  values  indiinted  by  the  foregoing  table  can  be  realize 
sewage  utilization  iu  practice. 

•  Bui.  No.  IW— Sfw  8»riM  (Hanb,   IMS),  Anal]rua  at  Oomnurcial  FWtiliun.    S. 
Kcp  8«a-.  ti=""™.  **■  "■■•  *'•'"  tMiint.  Oinolnt. 
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The  Fixed  Data  of  Sewage  Disposal. 

failles  3i  to  36  iinrlnsivis  are  given  ita  about  the  only  approximately 
ed  liata  in  sewage  disposal ;   all  the  oilier  elements  beiiig  subject 
relatively  greater  variations  than  occur  ill  the  average  amount  of 
'esereraentB  of  a  fixed  population.     Amount  of  water  used  per  capita, 
whether  the  sewerage  system  is  separate  or  combined,  amount  and 

faality  of  the  manufacturing  wastes,  all  these  will   enter  into  the 
rublem  in  any  given  case. 


^th 

u 


The  Mechanical  Analysis  of  Soils. 

We  come  now  tn  the  consideration  of  an  entirely  different  class  of 
ata,  which  liave  recently  been  found  of  tuuiiamental  importance  in 

wage  tlisposal,  namely,  that  derived  from  a  mechanical  analysis  of 
the  inalorial  to  bo  used  either  tor  broad  irrigation  or  intermittent 
iltration.     A  thon)Ugh   knowledge  of  the   mechanical  properties  of 

ils  will,  with  other  data  derived  from  the  Lawrence  experiments,  en- 
able one  to  determine  beforehand  approximately  the  amount  of  purifi- 
eatiou  which  con  be  attained  with  any  given  Hoil. 

Tliere  are  a  niimlier  of  methods  by  which  the  mechanical  ingiedi- 
mtM  of  a  soil  may  be  separated  from  each  other,  but  the  most  impor- 
tant ones,  jiside  from  or  in  connection  with  the  use  of  sieves,  are  the 
Hilgard's  Elutriator,  and  Osbura's  Beaker  method.  The  use  of  these 
^wo  methods  is  only  possible,  however,  when  one  has  at  hand  a  fairly 

ell  equipped  physical  laboratory,  and  in  a  practical  way  much  may 
learned  by  the  mere  use  of  a  series  of  sieves  of  ditfereut  degrees  of 

en  ess. 

Classification  of  Soil  Pabticles. 

The  following  table  gives  the  classes  into  which  the  materials  com- 
laing  soils  may  be  separated  with  reference  to  the  diameters  of 
:ie  particles : 


miu. 

UJIO, 

Grits  of  fine  grovel  with  dianiett'r 

of  2.0      down  to  1.0 

Coarse  fiaud                    ■' 

1.0 

0.5 

Medium  Band                 " 

0.5             " 

0.25 

Fine  snnd                     " 

0.25 

0.10 

Very  fine  sand  or  dnst  " 

0,10 

0.05 

Silt                               •* 

OOG 

0,01 

Fine  nilt                       " 

0.01 

0.005 

Clay 

0.005 

0.0001 

QpAUTV  OF  MaTEMAL   ReQITIRED   fob  iNTEIiSmTENT  FiLTItATIOK. 

In  sewjige  disposal  by  intermittent  filtration,  it  is  nece.ssary  for  suo- 
fnl  purification  to  nee  material  the  particles  of  which  are  large 
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I'liuiigli  to  allow  the  orgraiiic  matters  in  suspension  in  tlie  sewage 
jtanH  iuto  the  iiit«rsti(!es,  where  tliey  aro  resolvfd  into  i>riiimry  elemeE 
throufrh  the  actioi]  of  iiitrilinitioii.     As  wti  shall  see  iu  the  (liscusHic 
of  Ihf  lOBiiltH  of  the  e\]ieiiiut.-uts  at  Lawrence,  in  Chapter  XIV., 
Intoritiitteiit  Filtiation,  very  tiiio  soils  are  less  useful  for  sewage  pnri- 
ticatiuii  than  coui'se,  cloan  sands.     In  oi-der  to  illusti-ate  the  ditfereiioe 


Tabi.u  No.  ST.— Mkciiasic.h.  .\nai.vsbs  of  TyricAi.  Soii^  from  thf.  -Sovth  Cai 

UNA   AniUC n-TUHAL    EYPKKmi^NT  ST.IiTIOS    FaHMS. 

fptr  sou.) 


Ulametfr  of  fnln*. 

Sparutiibiiru 

ColuinMii 
fann. 

jBcndlsnU. 

Vt*mi. 

body. 

S.l»t7. 

UllllmKm. 

limbcv. 

A 1  ■oil' OP') 
II  t\^   lu  II  let 
l|.ll«    l>.UIi| 

ll»l   ■■lll.lllll 
U.Wi'liuUiWi 
<l  UUt  lu  0.UUD4 
LMihiuili.euO'l 

Soil. 

[i«i 

•UllHril. 

SoO. 

SnbKilL 

Bon.      BbIwiII. 

«ritt 

FlnvMikd  

Alfuvv  1  liini. 

I.ii  tun.Au 

O.Xt  In  II  ll> 

I>.I»IU0(1IS 

O.OS  Id  g.OI 

Leu  Ulan  U.OI 

ii.;oii 

MTUU 

ftWB 

B.1UI 

liTSS 

lain* 

uun 

ll.»OI 

turn 

i.im 

si.im 

11  Ml. 

V.TW 
I.TIM 

sn.4i4t 
as,  IK 

KMT 
STl* 

i.int 

s.aos  1  rs^at 
itm  1  lu  i«D 

ll.tll      l>901 
tlSM       IHBB 
lu  tW      AJfiV 

.»»           .ME 

TWrnLil 

1S.1V7 

n.aw 

W.MU 

s7.Bei 

MlSBT 

wiMt '  MiBi; 

l>a  ovnt.  at  pantHj 

HIC8B      T1JVI 

in  mechanical  constituents  which  exist  in  natural  soils,  reference  ma 
be  Euiule  to  Tables  37  anil  38,  in  which  are  incliiileil  the  mechaui 
analyses  of  a  number  of  soils  from  the  South  Carolinn  Kxperiin€ 
Station  Farms,  as  given  in  the  Second  Annual  Repm-t  of  the  Souf 
Carolina  Experiment  Btiitions. 


Tablb  Xo.  38.— .\i'PiioxiMATE  NuxBKit  UF  Paktici.ss  IK  Ons  GnAH  OF  Son.  FROM 
Tne  Faiims  of  the  Soitii  C.miom.na  AdiitccLTCitAL  Exi-KDIUENT  Stations  (Ski 
Table  3T)  ;  TOOBTUtit  wmi  the  Uiambtkk  of  tiir  Avshaog  Sized  PABTicut : 
Hit.uuin'HKs. 


dtasiMw. 

1 

Bpulubarf. 

(ManU*. 

nuHosHo.       1 

Sea 

BvlKbHlL 

Bell. 

SdIhII. 

Sail. 

S-am4k. 

Km.     ! 

I.B 

0.19 

o.*» 

o.on 

«o« 

nan 

M 
lit 

vm 
noiD 

•M.WD 

h.tr..veo 
vt.K».m 

10 

•n 

ns 

una 

ll.UD.D0O 

•ai.suo.goe 
Tat.4tt.tn 

MUM 

I 
t4t 

B.«ai 

m,ain 

tuii,i«<.iW 

a 

.St 

Vl.lfTO 

i.m.uiio 
a0.i>«.uuu 

a 

I.Kl 

Kirrr.iao 
■•.rnMuu 

J 

mjiiM^i 

W«|r    

J 

TuilnoBbmrf  larUdn 
IMuiMR  at  anntfi  •tan)  ^r 

,     «.OUD> 

IWMjM 

ftoun 

01.41  l.0«l 

asm 

•OMM 

J 
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Tablb  No.  36.  —  Bcrpack  Area  or  Particles  ik  Onr  Gram  op  Soil  fkom  thk 
Farub  of  the  South  Carolika  Aoricdltural  ExpERrMsNT  Statiomb  (Sbk 
Tables  37  and  S8).     In  S<(uare  Centimetres. 


Average 
illuiMHr 
Id  mUli- 
Eueem. 

SpBTIMLtnirK. 

CDlutnbiL 

1 

DullngUo..   . 

iBCTttdLaaU- 

SoU. 

Rcxl  idb- 
■01). 

Boll. 

1 

SdUoII.   , 

Boll. 

Bub»U. 

l.B 

0.7B 

O.TTB 

O.IS 

0.U7S 

0.O1 

II.  DCS 

I.T 
S.U 
S.3 

i.oe 

114* 

1«1,7 
SIB.S 

0.8 
l.« 

I.S 

e.j 

84^,0 
MU.S 

0.1 
13.lt 
MS 
17,  B 

an 

73.9 
78.1 

o.a 

ll.U 

la.T 
ai.» 

M.l      ' 

47.  e 

0.4 
10,7 

8.6 
»S 

w.o 

TS.fl 
1».7 

0.8 

e.t 

0.1 
17.4 

GI).4 
213.7 

T.S 

«IBT 

wo.o 

s<e.3 

XM.l 

im.B 

31«.a 

In  Table  39  is  given  the  surface  area  in  one  gram  of  soil  from  the 
same  localities.* 

Thus  far,  general  studies  of  the  mechanical  constituents  of  soils  have 
been  carried  to  a  somewhat  greater  degree  of  perfection  at  the  South 

Table  No.  40  —  Per  Cent,  of  Empty  Space  in  a  Number  of  Soilb  in  Compab- 
I80N  WITH  AvEHAOK  Size  op  Pabticles,  Approximate  Number  op  Particles, 
AND  SuRFACt:  Area  per  Gram. 


Localltj. 


lllinirfii, '■prririoKll" 

Bn  Ifllnnd.  "cotton  «aLl" 

8ul  Wlndw.r,  Conn..  "c\mf  kJ!" 

Gmnvllii-Co,,  N.  Cur..  '•  Ii.lj««o  Mil " . 
tmti  WindiHir,  Cdi>ei-.  "  lilowlng  Huid  ^- 

Colnmbui,  S.  C.  fBriii  "■jil"  + 

ColnTublii.  S.  C  ,  Inrm  "  nilMDll  ■ 
DiirlliiinDi>,  d,  C  farm  ■■  -uti  "  t  . 
Dnriliifrt-jr.  ^.  C,  fftnii  '^niibMnl ' 

'MV*ri»e  rlvtriMkinr' ..,...., .,,..,.. ...... 

■*  &wn*  rivrr  mnd  " , ..... 

kr^trliinil.  "pUie  NiTmii". ^ 

MiirylHihl,  "truck",. 

Uqrjliitid.  ■■  (obftcco  " , . 

MArjJHifl.  "whwit"..    .,....., 

UtrylBJtd.  '* river  Iwrace'* 

Maryimnil,  "  llfnsislona  (grvBA  lan^l)". 


't 


DEHmvtcr 

of 
ftynsKcd 

Hired 
pBrticM. 
In  mm. 


(liiirr 

(W17 
.00«T 

.mil 

0134 

.01  »n 
trru 

0.»(7 
0I.'IH4 

sits 


.lpproiLmiit4 
niimber  of  pani- 
cles In  1  gnun. 


Per  BBBt. 

e>r 

eEnpty 
■pftoe. 


K.l 

m.4 

AS.S 
39.0 
«,7 
407 
11.4 

M.n 

30.9 
38.4 
41  0 
4U.0 

4.^o 

000 
K.O 
BB.O 


Snrfun 
onw  per 
gnm.  In 
nqmn 
vnllm** 


UTV.l 

IM.l 

iwfi  s 
niH.B 

390.6 
Mn.t 
S9D.1 
llff.ft 
St9.6 

10. e 

4W.S 

1HII9.M 
W0».« 
I'O^.lt 
»!W4.4t 
»78.7t 


*  For  tIflAll  ftt  iitm1yi>f«  nf  ttl^t  nample^  rw  T^Me-  37.  W,  nnd  so. 

t  The  Tium1>er  of  KtiiftrB  leet  of  n\ftncc  per  cubic  foi.t  fi.r  theiv  idII^  with  lArge  particle  ftr«Aa.  ue : 

S-iiiBT^  fret.  1  Bqokr*  frf  r. 

PliM  tHrrma   s;,!!  0  |  Whwt 94.N40 

Tmck 7l.iro    UivprtcrmcB 10n.««l 

TobMOD 8I,SM(|  I,inie«lone SOI.OO) 

Carolina  and  Maryland  Agricultural  Stations  than  at  any  other  place 
in  this  country,  the  work  at  both  of  these  stations  having  been  di- 

*FoT  tomiulai  for  computing  the  diameter  of  the  aTerage  aiicd  particles,  nitinborot  pitrtiotea  in 
a  gnm,  aarfacearea,  etc.,  aee  2d  An.  ReiHtrt  S.  Cai.  Ag.  Ex.  Stationi,  Appendix,  pp.  S&-M. 
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leolcil  Viy  Prdfi'wsor  Milton  Wliituey,  whose  researches  in  this  dii 
tioii  jwe  of  givat  theoretioal  value.  But  for  pmoticul  value  iii  <roimectioD 
with  sewajre  luirititiitiim,  the  stutlit-s  of  the  uiet^haiiieul  t-oni position  of 
filt*iring  niikterials  uiaile  at  the  Lawrence  Esperimfnt  Station,  and  out 
lined,  with  deductioiis,  in  the  lU'port  of  the  Miu^sai-hu setts  Htate  Board 
of  Henlth  for  ISfll,  aif  fii-wt  in  lank.  In  order  to  further  illustrate  the 
differences  in  stiils  uhieh  exist  at  various  lot-alities.  we  have  iui-luded 
Table  No,  40,  compiled  from  the  Second  Annual  Report  of  the  8<inth 
Carolina  and  the  Fourth  Anuunl  Report  of  the  Maryland  AgricnUi 
Experiment  Stations. 

In  Table  No.  -11  are  piven  the  mevhanical  analyses  of  the  mnteriid 
from  a  nuinVier  of  the  experiniental  tanks  at  Lawrence,  as  detailetl 
the  Masisaehusctts  report  lueutioned  just  above. 


n'li^Ai 

tur^g 


Tauji  No.  41.— Mkchakical  Oomihi«itiun  or  tbr  Hatekial^  Used  is  a  Xl'mbbk 
or  THB  Rxpkhi)ik>;tai.  Filtkr  Tanks  at  tbk  I^vwresck  BxrKRiMENT  Statuml*. 


PtJinm  111  wimartiM. 
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Tbe  studies  al  l.jiwreuce  are  so  cleanly  and  comris^ly  sel  forth 
Mr.  Alletl  Raxeu  t  that  wo  eiuutot  do  better  than  to  g\\e  them  ]ni 
as  follows : 


Ma'iiAMt'Ai.  l\iMfMcmiiN  or  MAinUAts  tI«D  at  Lt* 

In  TrrV"!!  ■  BMWbMiml  kbkIthh  Ihe  nnd  !■  SnI  itin«l  lh>t>aEi>  ■  ■«»«>  of  I 
(•obatM  ag*tt*ral  way,  tvirok.-'  Sue  »s  Um-  <  -'.     Tlw  t*ad  p 

Safol  SM1M  is  iliTiJni  iui»  m-tvihI  t^iituios  Is'ioB-     :&Hi 

weigh*'!.  Bad  ItM  nngB  in  tbe  aiiw  o/  its  laii^n.-^  i-  lirtct^ard  br  mb 
WHMBWIBBl   !■  Ut*  CW»  o4  I1h»  HwUer  fmrtidM,  bat  Um  (limietRv  of  tb»J 

MitielM  ma  b«  won  coavvBiMllr  bbiI  wcnmtrlT  nlvnWtJ  btMi 
IW  iHMWtHini  of  «U  |i*ittrlm  w*  uk*<a  al^  ••  bmHt  m  |iin<iU»,  th*i 
•flten  Hi  f«fwJ  TohuMi.  Of  nMrw  tb*  tmtA  ^rnuns  u*  iiniclw.  V 
MM<«  mails  Um  aitaaea  laasUw  ot  ibrir  u«^  9rW«tiiic  ilw  kijirt  ■■■  taktBr 
e4b«ri«n*t  ricbl  aa^M  l«  it.  H>Mk>  «Kh  olbvr  *>  <:3:2.aMl  Um  m^m  diunrli 
tdkraBUMcnUnwliJ  ibviimhMtirf  tb»lhn*u<«s3.fas.  TbelamMtdtaHMttr 
ibwL  BTmicaa  lo  W  atari?  W  |Mr  mm.  loaavc  iliaa  iW  naaa  iHiwUm.  aUl»  tba 
■iddW  Ji>mH»it.  wkiefc  ia  tfc*  wtdlli  a*  wraa  bv  a  wmMWftt.  ia  aa  B|ipnniaatiaa 
tolh»B»aM  Hiwiliir. 
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The  Hbaiyses  of  some  of  the  materinls  which  havn  beeo  most  carefidly  stnidieil  Id 
their  reldtions  to  een-age  pnrifii-ation  are  shown  in  the  preceding  table  (No.  41). 
Tlie  li«;iiies  giveu  sliiiw  tJiu  per  ceDt.  by  weight  of  tiie  dilTcieiii  materials  iiuviiig 
HUiallcr  liiaiueteiH  Ibau  the  size  giveu  in  the  fii-sl  I'olnnm.  Tlieai?  results  liuvi'  heeu 
rerineil  b.v  iniiimveil  methnds  of  nnalysis,  ao  tlial  in  some  cnnes  the  following  Hg- 
nres  dilTei-  slighlly  from  tlioae  given  in  the  i^iiurt  ujjon  the  Purification  of  8e«-Bge 
and  Waii'f. 

Piir  study  and  comparison  the  results  liiivc  been  plottei!,  nud  are  shown  on  the 
«rcom|)Qiiyiun  .liiignLHi  |Fig.  7}.  tlie  lipight  of  curve  at  any  point  showing  the  per 
cent,  of  materiiil  tiner  than  (lie  size  indieuted 
at  the  bottom  of  the  diagram.  The  lintts 
repveseiiting  the  diaiuetei'u  ari^  spaced  ikO- 
cording  to  tlie  lotrarithmn  of  the  diameters  of 
the  particles,  iis  in  tliirt  way  materiiil^  of  cor- 
responding uiiifoyoiity  in  tlie  rangt;  of  sizes 
of  their  particles  give  equally  steep  curves, 
regardless  of  the  alisolut"'  hizes  of  the  purli- 
clnH,  tliUB  greatly  facilitatingaconijiamon  of 
ditTerent  materials.  Tljis  scale  a]»(i  shows 
aiieqnately  eve  17  gradu  of  iiiateiial  from 
0.01  to  abiivii  10  millimetica  in  a  small  .'.[lace,  ^ 
and  without,  iindnly  extending  iiny  iwriioa  $ 
al  rhe  bthIi'.  It  iw  assumed  for  the  purpose 
of  plotting  thai,  tlie  piu'ticles  of  orRunic  nmt- 
ter  (determined  by  thi?  loss  due  to  heating 
that  portion  of  the  mateiinl  tiiier  than  the 
140  mexh  «ieve  to  a  dull  red  bent)  are  less 
than  0.01  millimetres  in  diameter 

These  materials  mav  lip  suiid  to  include 
Ihti  will  lie  rangp  of  snnda  available  for  sewage 
pniifioaliiii.  Anythini;  as  fine  as  No.  &•  i^  too  fine  for  ad  van  tn  serins  use,  while, 
at  the  other  end,  it  would  hardly  be  safe  to  depeml  UjMin  a  gravel  coai'aer  tliau 
Nil.  Hi  with  a  Altering  stintuin  not  over  live  or  six  feet  in  thickness. 

'With  the  mixed  materials,  Nos.  !>  and  6,  Ihc  amallet'  jiarticleH  nil  the  spaces  be- 
tween the  larger,  and  these  finer  portions  determine  the  capilliiiy  atti-action  of  tha 
lillei-,  its  resistance  to  the  pas-s-ige  of  sewage,  and,  in  fuct,  its  action  in  every  way. 
The  ap])earance  of  No.  6  is  coarser  than  No.  1,  and  the  average  size  of  its  particles  is 
greater,  bnt  its  finest  portion  delerniines  it.s  characlcr  as  a  filter,  so  that  it  is  prac- 
tically liner  than  No.  1.     It  has  lieen  found  as  the  icsult  of  a  eareFul  study  that  the 
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Via.  T.— Mechanic:*!.  Composition  of 
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Table    No.    41A — Sms   and   Unipohmitv   Ookfpiciknt   op  Fii.tkhinq   HATRKiAi.a 

Vbbi>  at  Lawrbni^b. 
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potDta  where  the  cin*ves  in  the  diagram  cut  the  10  per  cent,  line  give  the  beat  idea 
(■r  the  total  effect  of  the  varion^i  matenals.     By  measiiremenia  of  the  diagram  wa 

*  Vat  oaaveuieooc  the  diOeceat  amttrrioh  Ace  Dumb«nd  to  oorroapoDd  with  tlis  filtoi  tuiks  in 
*liicli  tliey  irare  bnt  Died. 
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fldil  tliAt  wilh  the  Tarions  materials  10  per  cent,  by  weight  of  the  particles  kta 
unaller  tbau  the  sizes  giTen  in  the  folloiriag  table.  This  gives  as  good  an  idea  of  the 
relative  effect  of  sites  of  the  materials  as  cao  be  condensed  into  a  single  figure  for 
each. 

To  obtain  a  definite  basis  of  comparison  of  the  uniformities  of  the  sizes  of  tbe 
grains  of  different  materials,  the  ratios  betveeu  the  diameters  of  tbe  particles  at 
the  10  per  oent.  line,  as  given  above,  and  the  diameters  at  tbe  60  per  cent,  line  are 
given  in  the  table  (No.  US.)  under  the  heading  "  UniformitT  Coefficient."  If  all 
(he  grains  of  a  sand  were  alisolutelv  of  tbe  name  size,  the  coetBcient  would  be  1 ; 
with  *  miyoritv  of  onr  comparativelv  even-grained  sands  the  coefficient  tauges  from 
i  to  3;  with  No.  6  and  No.  5,  the  figures  are  8  and  9  respectivelv,  and  some  ei- 
tremelj  uneven  sands  have  coefBcienta  as  high  as  20  or  30,  but  our  data  in  regard  to- 
tbe  action  of  soch  mateiials  is  as  vet  verv  limited. 


Reution  Between  Quautv  of  Filterc'o  Material  and  QcANTrrr  or 

Applied  Sewage. 

The  actual  quantities  of  sewa^  which  have  been  toond  to  be  the 
beat  adapted  to  seven  of  the  Lawrence  experimental  filters  under  the 
most  favorable  circuiust&uoea,  together  with  the  size  and  depth  of  the 
filtering:  materials,  sute  of  done  and  frequency  of  application  are  ^ven 
in  Table  4lB. 

Taslk  No.  41B.— <JCANTTrr  of  Sbwaok  Appukd  to  DiFFaasirT  Piltkrimo  Hatk* 

RIAL4   AT  Lawrsxck. 
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Additioital  data  undor  this  head  appears  iu  Chapter  XTV.,  on  Inter- 
mittent Filtration.  Ohapter  X\'n..  t>n  the  Temi>eratRre  of  Air  and 
Natural  Si>iU.  hI^^i  pn-^-til;^  further  data  applying  to  broad  litigatiiMi 
and  intemiilteut  liltnitiou. 


CHAPTEE  IX. 

DISCHARGE  INTO  TIDAI,  OR  OTHER  LARUE  BODIES  OP  WATER. 

Undek  this  lieiiil  little  uei'tls  to  be  said  iu  additiuu  to  the  prelimi- 
iiiiry  tliscuKsiou  in  ('liu|)ter  I.,  whicli  hiiM  iilreiuly  iiidicftted  tliat  the 
present  work  is  uot  Hpucially  cimcenied  with  tliis  pmticular  form  of 
disposul.  As  iiseful  examples  the  Hewera,^e  ol  two  large  cities  may  be- 
referred  to. 

Early  AmebI(;ax  HEWEitAdF.  Svhtemb. 

The  sewerage  fysteiu  of  the  eity  of  Chicago,  designed  by  E.  S.  Chen- 
liroiigh.  C.E.,  iu  1855,  hjLs  usually  been  i;uiisidei'ed  a  model  on  which 
other  towns  could  safely  ImiUl.  At  that  time  ttie  idea  that  the  preva- 
lence of  typhoid  fever  un<l  many  other  infeoHous  disetwes  was  {lireetly 
related  to  the  presence  of  sewage  in  drinking- iviiti-r  luid  hardly  lioeu 
broached  in  this  country,  luid  even  in  England,  where  vntiona!  ideas  oT 
xaiiitation  developed  at  a  relatively  early  date,  the  great  bulk  vt  the- 
nauitary  literatiire  whieh  has  since  enriched  the  English  language  liad 
at  that  time  hardly  more  than  began  to  come  into  being.  The  disi-us- 
xioUH  of  the  fifteen  or  twenty  years  iramediatel.v  preceding  that  period 
had,  however,  awakened  sanitary  authorities  to  the  neeessity  of  get- 
ting rid  of  waste  products  in  some  more  cft'cctual  way  than  by  turning- 
into  cesspools  or  by  merely  throwing  into  streets.  The  English 
Hewerago  systems  of  the  period  from  1H50  to  1860  were  chiefly  c<m- 
utrncted.  therefore,  with  reference  to  getting  sewage  first  of  all  ont  of 
the  houses  and  towTiw,  and  imdoubteiUy,  even  though  the  outfall  emp- 
tietl  in  many  cases  into  the  nearest  small  wateicoiirse,  the  improve- 
ment  in  public  health  was  nevertheless  as  a  whole  markedly  apparent. 


SEWT^ItAOE    AT    CHirAOO. 

Thanks  to  the  foresight  of  Mr.  Chosbrough,  Chicago  has  had,  ever 
since  the  initiation  of  jiermanent  sewer  construction  in  1855,  a  jire- 
designed  system  whiih  has  been  svstematically  carried  out  fronj  vear 
to  year.  Before  designing  the  same.  Mr,  Chesbrough  ^-isited  England 
in  order  to  studv  the  state  of  the  art  of  sewerage  there,  and  we  may 
conclude,  innsmucii  iis  tijere  were  at  that  time  absolutelv  lio  models  ini 
which  to  Iniild  in  this  country,  that  the  Chicago  sewerage  system  was 
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uffeusive  waste  products  of  the  human  ecouoiny ;  aud  iuto  these  all 
»ui'h  were  iiidiscrituiutiti;l.v  pitched,  eveu  fioiu  aecond  story  windowa 
or  ImlcoiiicB,  iis  the  (.-aee  lui^lit  be.'  Ah  recently  as  18fil  we  tiad  it 
tttiited  with  regard  to  oue  pluce,  that  even  in  the  centre  of  the  town  uo 
acfommodiitioii  of  any  kind  is  provided,  and  hence  the  iididt  male 
popuhvtioii  ilefeeate  hahitnally  iu  the  gurden.s  or  in  the  road.f  and  so 
on  mi  nniwnm.  AVheu  we  consider  that  the  Health  of  Towns  Commis- 
siou'.s  Reports  relate  to  a  period  only  50  years  past,  and  the  conditions 
desfrihed  existed  iu  several  places  less  than  25  years  ago,  aud  it  is 
only  within  35  or  40  years  that  any  material  improvement  has  been 
effected  in  some  of  the  worst  localities,  we  may  appreciate  the  enter- 
prise of  the  people  of  Chieajro  iu  sending  their  chief  cuffineer  abroad 
in  1855  in  order  that  lie  might  pro6t,  in  desigiiinjf  the  Chicago  system, 
to  the  fiiHcst  extent,  by  whatever  new  or  useful  had  been  developed 
under  the  active  nfntatiou  of  sanitary  questions  which  then  prevailed 
in  Euirhind4 

Rehcltx  of  the  Earlv  Sewerage  Systems. 

As  the  residt  of  turuiug  the  bouse  sewage  of  a  large  number  of  towns, 
as  well  as  the  maiiufaeturiuK  wastes  of  many  rapidly  developiuK 
manufacturing  centres  in  variims  parts  of  the  coiiutv  into  the  streams, 
a  nuisani-e  <if  ii  new  character  was  somi  created  which  was  quite  as 
«erioii8  as  the  one  which  the  construction  of  sewers  had  been  more  or 


niimbn  of  t«l  i>f  sewer"    huilt   aiinuuilly,     the    popnlatinn.  murtslLiy,  and  the  death-rnte  pec 
I.UUU  tot  the  BBricB  oi  ycara  fium  L85U,  when  the  hrat  aeivera  were  conatnioted.  lo  lt^7(l : 
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fi-^ii  1*70  ru  IWH.  Ineliulvp.  ihe  fl™iii  nlr  wiu  il.lB.  {Friim  ■■  a«-il  .rt  PrDhlem-  nf  Chiraon.  PiKt  and 
lvp»iii.'*    By  J. 'hi.  »   Itoiieh.H.ri.    I^'prlrii  fiwn  Ore.  An.  Bo|il.  (itlhB  III.  Bt.  Bil  n(  Hmlth.  p.  Ill.l 

"  in  vciificalioQ  iif  thrw  *tntBtnnnt»  nee  1«l  Rept.  Health  i>f  T.  C"m..  In-',  .it :  al-o  2il  Ropt. 
Health  nfT.  Com.  njl.  i,.  p.  370;  vol.  il.  p.  (M.      Aluo  nee  Repta,  Med,  Oflioer  Priv.  CuiincU. 

•  tth  Rppt    Hr.el(h  0(lio.T  PriT,  Conn..  ISO!. 

:  Fnr  more  cunipletc  reaiiiue'  nf  the  aanitary  coDclitian  of  tbe  Kngliah  tnwiiaSO  years  agi>,  eco 
Coriiel'l'a  Treatment  anil  t'tiliution  of  Sewitgc,  Urd  Bd.,  Chaptciai.  toiii..  inulmive. 
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l«ns  Hiiccessfnl  iu  relie\-iiigr.  Heace,  sewage  c1is]H)sal,  purificatioti,  or 
iitilizutiou,  LiecHtiie  ti  pretssiiig  questiou  in  the  fifth  tlecnde  of  the  ceu- 
tiii-\.  A  il<-ar  iileii  of  tiw  viirious  views  j>reviii]iug  «t  thut  time  luiiy 
tie  >ii)t)iitie(l  from  either  the  Preliminary  Report  of  the  Sewn-^c  of 
Towns  Coiuniissiou  or  the  Ileport  t>f  Henry  Austin,  On  the  Means  of 
Deodorizing  lUid  Utiliidng  the  Sewage  of  Towns.* 


Mb.  CttEsBBoroH's  Chicachj  Retokt, 

The  Btate  of  sewiLge  disposttl  in  Eaglnud  at  nbont  the  time  of  Mr 
Ch&sbrough's  study  of  the  Elnglish  methods  has  been  briefly  preseute<l 
in  onier  to  saliently  iUustnite  the  faet  that,  wliile  no  a<lequnte  eoncep- 
tiou  of  the  evils  resiilling  from  mixing  house  sewage  with  driiikiiip- 
wnter  existed  at  tliat  time,  even  with  people  who  had  made  sanitation 
a  specialty,  nevertheless  Mr.  Ohesbrouprh  most  have  returned  from 
Europe  verj-  thoroughly  permeated  with  the  prevailing  views  as  to  the 
necessity  of  some  form  of  sewage  purification;  and  it  is  accordingly 
interesting  to  notice  that  the  matter  of  ultimate  disposutl  occupies  »u 
important  plaee  in  his  report  of  1855.  By  reiison  of  being,  so  fur  ax 
the  authors  can  learn,  the  tin^t  American  report  iu  which  sewage  dis- 
posal other  than  by  discharge  into  the  nearest  water-i'ourse  is  touched 
at  all,  we  derive  an  additional  incentive  for  inquiring  how  this  ques- 
tion happened  to  receive  extended  consideration  in  eonneelioii  «ith 
the  sewerage  plans  of  an  American  city  ut  that  relatively  early  day. 
Tlie  preceding  historical  paragraphs  answer  the  question  thus  raised, 
and  without  dwelling  further  on  this  part  of  the  question,  we  may 
proceed  to  consider  the  ^ewerajre  system  actually  designed. 

Mr.  Chesbrongh's  rei>ort  begins,  after  a  short  intmtlnetory  para- 
graph, by  asking  the  question.  What  shall  the  sewage  of  the  city  l>e 
draiued  into  t  The  answer  is  that  four  principal  plaus  have  been  pro- 
|>osed.  namely : 

(1)  Into  the  river  and  its  branches  tUreeUy,  aui)  thence  into  the 
lake. 

(2)  Directly  into  the  lake. 

(3)  Into  artiticial  reservoirs,  to  be  thence  pumped  up  and  used  as 
tiiiuinre. 

ll)  Into  the  river,  and  thence  by  the  projinsed  steunhoat  varutl  into] 
the  Illinois  river. 

■  Th*  Srn^  >■'  Tnvn*  f^HDiiiiia'aii.  llw  mmmtHlaa  «f  vtiieh  b(an  dklc  Juaarr  JL  \>- 
wcr> 'Ittiwied  noda  iU  l*mi  "  Ht  inqoln  kiilu  Ihc  Lst  KoJ*  af  dirtrihKtu^  U«  •->««•  of  i 
uid  (rl-iymg  it  to  Uai«irt*l  aad  praWaUn  iub^-     TMt  tta  rrfxrt  w  i-B^  m  !>»» 
R-|«fiotH'ury  A»«ti«.CK.  ••■  p^MiteJ  Is  (b*  Pnwlnl  .>(  U«G*Ht«]  BibpI  ofl'- 
1S,%~      til  th-v*  loe  n-ivrta  nu*  la  laaiai  ■  t>it  •nKimUaB  at  tte  rmiiaam  iT'ti  ii  nt  ■■ 
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Id  order,  (iwordiiig  to  the  rtiport,  to  tiiku  mlvaiitiitje  of  tin;  iiatiiral 
fa<.-ilitit>8  uf  the  8itb  at  ii  miuiiiiuiii  »>f  expeuse,  the  tirst  pliiii  as  givou 
above  wns  adopted  ;  that  is,  the  sewaj^e  of  the  city  was  from  economic 
consi  lie  rati  OUB  diacharst'd  hy  wny  nl'  the  river  into  Luke  Michigim. 

The  objections  to  the  tliird  plau  as  mated  in  the  report  weie  : 

(1)  The  ^rciit  uncertainty  abuiit  there  being-  a  demand  for  the  sew- 
age after  it  is  piimped  uji,  suAicieut  to  pay  for  distributing  it. 

12)  The  fjreat  evil  that  would  necessarily  result  from  a  failure  of  the 
reservoirs  through  iiisufiicieucy  of  capacity,  especially  it  the  system  of 
sewers  leading  to  them  should  have  their  outlets  too  low  to  empty 
into  the  lake  or  river.  If  the  reservoirs  should  be  made  so  large  as  to 
place  them  beyond  all  doubt  of  having  sufficient  capacity,  they  would 
be  very  expensive,  both  on  account  of  the  labor  and  material  required 
in  their  construction  and  the  ground  they  would  occupy. 

(3)  There  would  be  dauger  to  the  health  of  the  city  during  the  prev- 
alence of  winds  from  the  quarter  in  which  the  sewage  might  be  used 
as  a  mauure,  especially  if  only  a  few  miles  distant  and  spread  over  a 
wide  surface. 

Mr,  f'hesbrongh's  third  objection  to  the  use  of  sewage  has  been 
found  by  the  more  extended  experience  of  later  yeaiti  to  be  mostly 
"without  foundation  for  fairly  well-managed  sewage  farms. 

Mr,  Chesbrough  remarks  that  should  the  tihie  ever  arrive  when  the 
T«lne  of  the  sewage  would  be  ho  great  us  to  permit  of  saving  it  for  this 
purpose,  the  sewers  as  designed  would  still  serve  their  purpose  as 
conduits  for  surface  water,  while  a  system  of  small  pipes  to  take  house 
Mewftge.  only,  could  be  laid  down  at  a  minimum  expense. 

With  regard  to  the  fourth  plan  of  draining  into  the  proposed  steam- 
boat canal,  and  thence  into  the  Dlinois  river,  Mr,  Chesbrough  alsa 
Temarks  that  this  is  too  remote  a  contingency  to  be  relied  upon  for 
present  purposes.  We  shall  see,  however,  in  Part  II,,  that  a  partial 
application  of  this  method  by  utilization  of  the  Illinois  and  Michigan 
canal  has  been  in  use  more  or  less  continually  since  1865.* 


The  Chicago  Rivmi. 

The  Chicago  river,  before  its  enlargement  through  the  city  for 
purposes  of  navigation,  was  a  small  stream  of  sluggish  How  with  a 
total  drainage  area  of  pi'rhaps  3(10  square  miles.  It  divides  in  the 
central  part  of  the  city,  at  a  point  about  a  mile  from  the  lake,  into  two 
branches,  the  North  branch  and  the  South  branch,  the  North  branch 
being  about  30  miles  in  lengtli,  and  the  South  branch  about  Ii 
mi1e«(.     Both  mil  nearly  pandlel  to  the  lake  shore,  and  only  a  short 

*  Fnt  i:iiTu |>l(it«  tcxC  of  Mr,  Chenbniiigh'i  Cliioago  Ileport,  ten  Hag.  Vvwt,  vol,  ii.  (18'^)<  I'p,  4^. 
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(listauce  from  it.  The  enlarged  river  now  L-ompriaea  the  inner  harbor, 
which  hiiii,  iiccordiug  to  data  collected  in  1887,*  a  total  dock  frontage, 
mcludiiig'  slips,  of  20.7  miles,  aud  an  urea  of  41)6.0  acres.  The  inner 
harbor  is  estimuted  to  contain  over  6(1,000,000  cubic  feet  of  water.  In 
di-y  weather  it  receives  only  a  smail  amount  of  water  from  the  re- 
stricted drainage  area  of  the  river  from  wliich  it  is  formed,  and  what 
it  does  receive  is  contaminated  before  reaching  Chicago.  Into  such  a 
broad  area  of  already  contaminated  water  is  poured  daily,  excejit  as 
noted  below,  the  sewage  of  a  large  portion  of  the  city,  amounting  in 
1890  to  at  least  22,000.000  cubic  feet  daily.  Hence  the  daily  inflow  of 
sewage  is  about  one-third  of  the  total  contents  of  the  harbor.  This  ex- 
treme pollution  of  the  river-harbor  was  first  relieved  in  1865  by  forcing 
a  large  amount  of  water  from  the  river  into  the  nUnois  and  Michigan 
canal,  thereby  causing  a  flow  of  water  from  Lake  Michigan  through 
the  city  into  the  ciuial,  aud  so  on  to  the  Des  Plaines  river  at  Joliet. 
This,  however,  only  partially  relieved  the  South  branch.  For  the  re- 
lief of  the  North  branch,  a  tunnel  12  feet  in  diameter  was  btiilt  beneath 
Fullerton  avcune  and  extended  into  Lake  Micliigan.  This  tnnnel  was 
first  operated  in  1880.  Two  screws  capable  of  forcing  15,000,000  cubic 
feet  per  day  at  ordinary  speeds  furnish  a  motive  power  by  which  a 
current  may  be  sent  either  from  the  river  into  the  lake,  or  by  reversal 
of  the  machinery  from  the  lake  into  the  river,  as  may  be  found  luost 
desirable  at  difft-reut  stages  of  the  two  buiiies  of  water. 

Fig.  8,  from  tlie  Report  of  the  Chicago  Drainage  Commission,  shows 
tlie  relative  proportions  of  sewage  and  lake  water  in  the  Chicago 
river  and  its  branches. 

For  the  more  complete  relief  of  the  South  branch,  pumping;  ma- 
chinery of  a  nominal  capacity  of  60,000  cubic  feet  per  minute  was  pro- 
vided at  Bridgejiort,  the  point  where  the  nUnois  and  Michigan  caiiul 
connects  with  the  Chicago  river,  in  1883.  A  brief  description  of  these 
work-s.  together  with  one  of  the  Fullerton  Avenue  conduit,  is  given  in 
Part  IT.  In  18!'3  improvements  were  in  progress  desigucd  t"  increase' 
the  capacity  of  the  Biiilgeport  works  to  100.000  cubic  feet  per  tninut(«, 
or  over  1,000.000,1X10  pilloiis  per  24  hours,  against  fi  ft-  heuil. 

The  continual  rapid  increase  of  the  population  of  Chicago  has,  how- 
ever, pnxlnced  such  further  fouling  i)f  the  river  as  to  U-iwl  to  a  rprrval 
iu  the  last  few  years  of  the  project  of  a  large  navigable  ciuin)  frotu 
Lake  Michigan  to  the  lUiuois  river  drainage  at  Joliet.  thixjugh  which 
enough  water  can  be  sent  each  day  to  not  only  entirely  relieve  the 
river  of  its  present  visible  pollution,  but  which  will,  it  is  hoped  by  ibe 
projectors,  also  so  far  dilute  its  waters  as  to  render  the  Chi04igo  sew- 
age in  eff'ect  harmless  to  the  IIHnnis  river  winimunities  who  derive 

•  l%a  Ukvt  uid  Gall  Wstecin;  M  nUMd  la  t^  (%ita|[u  SuUtiy  pMbiem.    By  U.  K.  Ovoliy, 
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their  water  supplies  from  that  river.  A  complete  description  of  the 
project  iji  «11  its  beaiinga  woiiUl  esteml  beyond  the  limits  of  thisidiap- 
ter,  where  the  only  object  is  to  call  ttttcDtiou  to  some  o£  the  dilScidlifn 
which  hiive  atteuded  sewage  disposal  at  t'liicng'O:  but  it  should  be 
added  that  work  is  uow  Id  pro;rress,  under  the  diiectiou  of  the  Tnis 
tees  of  the  Sauitary  District  of  Chicago,  on  a  di-uiuage  cimal  designed 
to  have  a  capacity  of  at  least  30O,t)O0  cubic  feet  jier  minute.  In  rock 
*-nt  the  capacity  of  the  canal  will  be  t)liU,(K)0  cubic  feet.  Brief  consid- 
t-ration  of  the  relations  of  the  discharge  of  a  considerable  porrion  of 
the  sewa^  of  the  city  iu  such  manner  as  U)  finally  find  its  way  iiito 
Lake  MichifDin.  from  which  the  water  supply  of  the  city  is  also  drawn, 
may  be  properly  made.  Iu  favor  of  the  present  project  of  discharging 
to  the  Des  Plaines  river  it  is  urged  that  iu  prehisfajric  times  there  ex- 
isted a  channel  to  the  south  through  which  at  any  rate  a  portion  of  the 
waters  of  Lake  Michigiui  oiiginally  discharged  to  the  Illinois  and 
Jinolly  to  the  Mississippi  river. 


The  Chicaoo  Wateb  Scpply. 

The  present  water  supply  of  the  city  is  derivetl  from  Lake  Michigan 
through  tuunpls  and  intake  pipes.  The  lii-st  two  tunnels  wore  cou- 
strnctt^d  in  1864-67  and  1872-74,  respectively.  They  an*  parallel.  46 
feet  apart,  and  are  driven  through  clay  about  30  feet  below  the  lake 
bottom  to  a  distance  of  two  miles  from  the  shore,  where  they  terminate 
in  timber  cribs,  iuclosiuj?  shafts.  The  first  tunnel  is  5  feet  wide  bj-  5 
feet  2  inches  high,  imd  lined  with  substantial  brick  masonry:  the  second 
is  of  the  same  material  and  7  feet  in  diameter  ;  it  extends  under  the  city 
for  four  miles,  passing  under  the  river  and  South  bninch  to  the  West 
side  pumping  station.  A  thinl  tunnel  was  constructed  iu  1887-32, 
which  extends  into  the  lake  a  distance  of  four  miles ;  it  also  extends 
under  the  city  a  distance  of  Ij  miles  to  connect  with  the  new  Central 
and  Fourteenth  street  pumping  stations,  and  also  with  the  old 
tunnel.  The  lake  section  was  started  with  a  diameter  of  8  feet,  bnt  the 
unfavorable  material  encountered  necessitated  two  6-foot  tnunels  tor  a 
gfKXl  part  of  the  distance,  A  tunnel  G  feet  in  diameter  and  1|  miles  long 
also  forms  a  part  of  the  Chicago  water-works.  It  was  built  jointly  hy 
Hyde  Park  and  Lake,  which  ton-ns  wore  annexed  to  Chicago  in  188S. 
The  former  town  of  Lake  View,  also  annexed  to  Chicago  iu  1889,  wob 
until  qnit^  recently  supplied  through  several  iron  intake.^,  bnt  a  tunnel 
«,500  feet  long  now  takes  the  phice  of  these  intakes :  this  tunnel  is  be- 
ing extended  to  a  h-ngth  of  lu,(Miii  feet.  On  Mnivh  1,  1893.  the  total 
daily  capacity  of  the  several  tunnels  was  officially  reportoij  as  WiufT 
604,000.000  gallons  and  the  total  pumping  capacity  of  the  city  water- 
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works  as  356,000,000  gallons.     The  average  daily  witter  pumpase  for 
the  year  181t2  v/aa  1!15,000,UUU  gallons.' 

CoSrAMI\ATK)N  OP  THE  CHICAGO   WaTEH   SPPPLY. 

At  various  times  tlir  evidence  of  sewiijii.'  i.-oiit<imiimtion  about  the 
wiittT  supply  intakes  has  lieeu  unmihtakable.  am!  it  is  jreiierally  foii- 
«eded  that  thu  water  supply  is  imHuanly  more  or  less  polluted  by  thp 
sewnge  which  fiiuls  its  way  into  the  hike.  Tlie  increase  in  the  ileatli- 
riit"  from  typiioid  fever  hjis  been  eonsidera!)le  in  the  last  few  years  (see 
Table  No.  3),  a  fact  wliieh,  with  onr  present  vifjws  as  to  the  i-ausatiou  of 
typhoid,  can  hardly  he  stitisfactorily  explained  except  by  assiimiug  un 
increasing  contaminaliou  of  the  water  supply  ;  we  may.  therefore  take 
(■hicogn  as  an  illnstratioii  of  the  force  of  the  statement  of  the  op>;ciug 
chapter,  that  sewajje  ought  not  to  he  discharged  into  any  body  of  watt'r 
also  used  as  the  source  of  a  public  water  supply  at  any  point  witLiu 
the  iudiieueo  of  thu  sewage. 

The  Boston  Main  Drainage. 

The  most  elaborate  system  of  disposal  by  special  appliauceB  for  dia- 
eharge  into  tide-watir  yet  canied  out  in  this  country  is  that  of  the 
city  of  Boston,  the  Main  Drainage  Works  of  which,  as  completed  in 
1884  may  l>e  justly  regarded  »  model  work  of  the  kind  ;  before  describ- 
ing the  Main  Drainage  we  will  briefly  discuss  the  antecedent  conditions 
which  rendered  the  workw  a  necessity. t 

Early  Sewers  of  Boston. 

The  first  sewers  of  Boston  were  undoubtedly  constructed  in  the  lat- 
ter part  of  the  17th  century,  as  we  find  that  at  the  town  meeting  of 
Keptember  22,  17(11,  it  was  ordered  "that  no  person  shall  tlienceforth 
■dig  up  tho  ground  in  any  of  the  streets,  lanes  or  highways  in  ^his 
town,  for  the  laying  or  repairing  of  any  drain,  without  the  leave  or  ap- 
probation of  two  or  more  of  the  selectmen."  These  early  sewers  were 
probably  bnilt  on  the  co-operative  plan.  Several  neighbors,  needing 
(h-ai»age,  joined  together  and  constructed  a  sower  by  the  shortest  line 
to  ti<le- water.  The  expense  was  divided  between  the  interested  parties 
who  owned  the  drain  in  common.  Any  party  outside  of  the  original 
owners  who  desired  to  connect  was  obliged  to  pay  for  the  privilege 

•  Pot  the  lateit  drtiulwl  iufonnition  reg»niing  the  Chicimii  w»tcr  lUpply  »tid  »ovie.ngi  Byitenn 
»nrl  Ihp  qimlity  nf  the  wiitpr,  aoe  the  l7-|>ogij  m^ooiint  in  ihe  I.tinilnn  Luicet,  Apt.  8,  181tt.  or  m 
etteniieil  BlrtUaot  in  Epu    Npwb.  to!   iiix  .  pp.  -ISS-O  (M^y  11.  llilK!). 

♦  The  (iillowin!;  mwoniit  nt  the  HEivert  of  BobUid  nnii  th  ■  Main  llritin»Ke  WorkB  U  nbatruted 
fcom  Eliot  C.  CUtke'n  Muii  Draiiaijo  Work*  uf  tlia  fity  gf  Buiton. 
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whatever  they  saw  tit  to  oharg'e.     The  expense  of  reptiira  vae  divided 
between  the  parties  using  tlie  Jritin  wlieu  tlie  repairs  wei'e  made. 


The  MASSAomiHEiTB  Sewer  Act  of  1709. 

This  raethod,  while  iiiisweriuj,'-  tlie  piupusea  for  the  construction 
the  tjfut  (Irnins,  was  fomul  unsntisfaftory  when  exteuded,  and  in  ITiH' 
the  Colonial  Leg'isliiture  passed  an  act  regulatiufr  the  construction  of 
driiius  and  sewers.  This  act  of  1709  is  the  foundation  of  the  presL>ntJ 
Bystem  of  sewer  assessments  in  most  of  the  New  Eii'jland  as  well 
some  of  the  other  States,  and  its  provisiona  may  be  properly  cited  at 
some  length.  It  is  entitled  :  An  Act  passed  by  the  fireat  and  treueral 
Court  or  Assemlily  of  Her  Majesty's  Province  of  the  Miissach usctti* 
Bay,  for  Uegulatius  of  Drains  and  Common  Shores,*  for  Preventinp 
Inconveniences  and  Daniaares  by  frequent  breaking  up  of  Highways 
.  .  .  ;md  of  difiereuees  aiisiiig  among  Partners  in  sncli  Drains  or 
Common  Shores  about  tkeir  Proportion  of  the  Charge  for  Making:  and 
llepaii'ing  the  siiinc. 

The  act  provides  (1)  ii  penalty  for  bi-eaking  up  the  ground  in  any 
liighwiiy  within  any  (own  for  laying,  repairing,  or  amending  any  com- 
mon simre,  without  tlie  approbiitiou  of  the  selectmen  ;  (21  that  all  snch 
stmctures,  for  the  draining  of  cellars,  shall  l>e  suhstantially  done  with 
brick  or  stock :  f  (3)  that  it  shall  be  lawfnl  for  tiny  inhabitant  of  any 
town  to  lay  a  common  shore  or  main  drain  for  the  benefit  of  themselves 
and  others  who  Himll  think  tit  to  join  therein,  and  every  person  who 
shall  afterward  enter  his  or  her  particular  drain  into  such  main  driuu, 
or  by  more  remote  means  receives  benelit  thereby,  for  the  dndnage  of 
their  cellars  or  lands,  shall  be  obliged  to  pay  nnto  the  owner  or  ownera 
a  proportionate  part  of  the  char^fc  of  making  or  repairing  the  same,  or 
that  part  of  it  below  where  their  particular  drain  enters.  Disjnites 
were  settled  by  references  to  the  seh-ctmcn.  who  decided  the  amount 
each  person  should  pay.  .\n  appeal  from  the  selectmen's  decimou 
could  be  taken  to  the  courts. 

The  sewers  of  Bostim  were  built,  repaired,  and  owned  under  the  pro 
visions  of  this  act  until  IH'23.  when  a  new  charter  was  obtaineil.  One 
of  the  first  acts  of  the  new  city  government  was  to  assuuu;  control  i>( 
all  existing  sewers  an<l  of  the  building  and  care  of  new-  ones. 

In  regard  tti  the  sewers  built  by  private  enterprise  bi'tw  cen  the  yeani 
1709  and  1823.  little  can  be  said  in  their  praise,  although  the  greater 
part  of  Boston  of  that  day  was  thus  sewered  by  private  i-nterpriBe. 
The  contents  of  privies  were  excluded,  but  they  received  the  wastes 
from  pumpa  and  kitchen  sinks,  and  also  rain-water  from  roofs  and 
yards.     That  much  refuse  got  into  them  is  proved  by  their  frequently 

•  S«wer».  1  Btoue. 
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lilliug  up.     Tliia  ilifficulty  led  to  dispiiteci  about  puymeiits  for  repiiii's, 
I  Ko  tliut  in  17(i3  the  net  of  1709  was  umeutlecl  iu  suttli  uiimtier  »s  to 
jiroviile  for  iiasessment  of  cost  of  repaii-H  on  all  persons  beutiliteil. 
In  1824  Mayor  Josiah  Quiiify,  in  roffiiing  to  tlie  ol(i  s^.'wers,  suiil : 

No  system  could  l>e  more  iucoiivenient  to  t!ie  public  or  embarmtiitig  to  pnvate 
[  ix'i'soiia.     The  atreeta  were  opened  with  little  eiire,  llie  drnius  bnilt  twoorciitig  to 
tlie  opinion  o(  (jrivate  inlei-cst  or  wonoiiiy,  aiul  constant,  intprniinnlile.  vpMUioMs 
I  onciisioiiH  of  diaptite  occnrrt^d  Itettrt'^'n  tlie  owners  of  the  diuiii  And  tlioM  who  en- 
tered it,  as  to  the  degree  of  beiielit  mid  pioponion  of  oontributiou. 

Since  1823  the  sewera  have  all  heeu  built  by  the  city,  with  varying 
proportions  of  the  expense,  iik  before,  ehar£;ftl  to  the  estates  benetited, 

[but  apportioned  with  reference  to  their  aasesseii  valuation.  Previous 
to  1838,  a  small  variable  portion  of  the  cost  was  "■entirally  assuraeil  by 

jthe  city  in  consideratiou  of  its  use  of  the  aewera  for  the  removal  of 
Btonu  water  from  the  atreeta ;  in  that  year  the  city  deciiled  to  lUisnnio 

[ouequarter  of  the  gross  cost.* 

The  Limits  ok  Okioinal  Boston. 

The  original  city  of  Bostuu,  )iy  reason  of  being  a  town  on  hills,  with 

i  quick  descent  to  the  water  in  all  ilirections,  was  couipanitively  easy  to 

sewer,  but  the  chauges  which  have  taken  place  through  the  reelaiuiinj; 

I  and  filling  of  the  tidal  arejis  bordering  the  old  limits  liave  transformed 

it  into  a  city  pi-esenting  many  obstacles  to  the  construction  of  eflicieiit 

I  Bewtrnge. 

This  will  be  understood  by  examining  Fig.  9,  on  which  the  slnulcd 

portion  represents  very  nearly  the  area  of  the  citv  in  1H23.     Tlie  un- 

shiuled  portion  consists  entirely  of  reclaimed  land,  tilled  to  such  au 

H  fxtont  that  the  atri'cts  of  the  reclaimed  ili.strict  are  sehlom  over  seven 

Hfect  alxjve  mean  high  water.     A  large  proportion  of  the  lioiise  base- 

Huients  luid  cellars  are  lower  than  high  water,  and  frequently  but  fi'oiu 

Hlive  to  seven  feet  above  low-water  mark,  the  mean  rise  anil  fall  of  the 

H  tide  being  ten  feet.     Most  house  drains  are  under  the  cellar  tloors,  iuid 

Bfall  in  reaching  the  street  Hewers,  while  the  latter,  iu  their  tuni,  fall 

t*»wards  their  outlets,  which  are  rarelv  much  alxive  low  water.     An  a 

I      consequence  the  contents  of  the  sewei-s  were  dammed  bju'k  by  the  tide 

Htluring  the  greater  part  of  each  twelve  hours.    Kalt  water  waa  excluded 

ffftni  many  of  them  by  tide  gates,  which  closed  as  the  sea  rose,  also  at 

the  same  time  shutting  in  the  sewage,  which  iwcuninlated,  and,  b.-ing 

without  ciirrenls,  depnsit,*  occurred. 

At  about  the  tinie  of  low  water  the  tide-gates  opened  and  the  sewage 
fescaped,  to  be   met  almost   immediately   by    the  incoming    tide   and 

*  KinCM  tlie  al>u<'c  wtut  i'  t  m  '.^'pi^  tli"  Rc^port  »f  th"  t^iipiMi'iti-iiiJr^iiE  ^li  Stri''^t»  of  BoAti^ii  f<ir 
IISBShM  oKmu  til  IiiimI  I-i  wlileli  in  ■  i .  oum  '  uf  all  the  vuiiFiin  Ccinni  ol  luiicaiiiiivntii,  witli  »  itis- 
Imid'rn  of  f«Dent  chan)[4.<s. 
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brouglit  back  by  it  to  furiu  depusits  iiijou  the  flats  and  sliores  abotl 
the  city.  Stony  biouk,  Buck  bay,  niid  Soutli  bay  iiro  tho  localitic 
vliere  the  greateBt  uuis;mc-L^s  wfri-  crfatfd  iu  this  wiiy. 

The  position  of  tliu  print-iiial  original  sewi-r  outlets  is  indicated 
yig.  9,  where  are  also  shown  the  liufa  of  the  iutertopUng  sewers  whic 
■were  finally  designed  as  a  remedy  for  the  difficulty. 


The  Bosros  Sewerage  Commishios  of  1875. 

In  March,  1875,  a  commission  consisting  of  Messrs.  E.  S.  Ohea- 
brough,  M.  Am.  Soc.  C.E.,  Moses  Lane,  M.  Am.  Soc.  C.E.,  and  Chas.  F. 
Folsom,  M.D.,  were  api>ointed  by  the  mayor  to  report  upon  existing     i 
sewerage,  and  to  present  a  plan  for  outlets  and  main  Hues  of  sewe^^f 
for  the  future  wants  of  the  city.     Their  report  contained  a  compre^^ 
hfusive  and  exhaustive  statement  of  the  defects  in  tho  existing  systeui 
and  of  tho  causes  which  had  led  to  it,  and  reeommeudeil  n  well  eousiil- 
ered  plan  for  I'emedyiug  the  existing  defeets  and  providinp  tor  futii. 
iieeds. 

The  following  extraet  from  the  report  gives  some  of  tho  more  lu 
eating  points : 

The  iH>iut  wliiob  miat  lie  attcn<l(>d  to,  if  we  ivoulil  gt\l  incn^aned  comforte  uid 
laxiiHeH  in  oiiv   lioiises,  willioiU  doiiif;  hu  at  cost  of  lii^nltli  ntid  lift),  is  to  gel.  our 
rc'tiisc  out  of  llifi  wiiv.  fur  lipyoml  auv  jiossiliility  <•!  Iibijii.  befori"  it  becouies  datiger- 
oi[»  (mm  iiulvef«elir)ii.     In  (In-  lieal  of  sniunier  tliis  timo  shijuld  not  exceed  lwel^~ 
bonis.     Wt'  fiiil  In  ill'  tliiH  now  in  tliioo  wuys  . 

(I)  We  cfiTiiiot  gGl  our  refusit  nlnava  from  our  holise-iliniiis  to  our  sewel-s,  ba- 
euixse  tlie  luttcr  may  not  ouly  lie  fill!  tliemselvea  at  liij^L  tiile,  but  tliey  muy  eveu 
foive  the  BpwiiKfi  up  our  ■Iriiin.'i  into  our  liouNeK, 

I'J)  Wo  do  Jiot  eiiij>ty  imr  fewL-rn  immipllv,  bpnaiisi-  llin   lidi;  or  tide-gateB  pr 
vi'tJl  it.     bi  Kiii'li  I'Qse   llie  sewiigo  liocomeH  s1a;;'Liiitit,   n   ])re(-i|iitale   fnlls   to  IM 
bnltoiii.  ivUi.'li  111"  sli)«*  HLnI  gnidtiBl  cmiitvinK  of  lln'  m-ncrs.  iis  llic  tiilc  fulls,  does 
uol  ipi-oducc  woiiv  i-noii'tii  to  n-iuovt*.     Tliis  dtpiisil   reuiaiiid  willi   litlloelinngo 
some  iilucca  fur  iimny  monllis. 

(3)  With  our  refn>i>,  iviiieU  is  of  an  o.s|iecially  foul  cliQianlef,  once  at  the  outlc 
of  Ilie  sKWers,  it  in  ii^iiiio  delavpil,  tliere  lo  decompose  mid  i-oiituniiDBtc  llie  iiir. 

As  n  re.sultof  this  tuiliii'i;  to  carry  oiif  tlio  cnidiiiul  nils  of  aew cruise,  wpiiri-  obligi^l 
to  iiejilei;!  the  second  rule,  Hhicli  is  iipnrly  as  importani,  iiBiiit-'ly,  veiililiitioii  of  tln> 
sewers;  tor  the  ga.'ieH  ar«  often  so  foul  tliut  wr  eaiiiiot  allow  IIipui  lo  fiscoiio  wilboat 
ritiiiiii'r  »  imi.'iBdCP  ;  and  n*p  (■onipromise  IU<'  matter  by  closing  )Ui  the  venta  thai 
can.  willi  the  eorlainty  of  iKmoiiinp;  (lie  aii'  of  our  linu«M. 

Ill   Hie  opinion   of  tlie  coniinisniun  thciv   itrn   niily   two  wayii  open   tons.     TB 
lii-st,  minint!  iimre  tliBn  one-lialf  of  tin*  Miiipifieiftl  aien  of  the  city  proper  (cxflod- 
ins  flilburbsl,  is  t^iitiroly  out  of   tlie  ipiofllion.  from  llie  eliornioiis  oullny  ril  luu 
which  would  be  required  — moio   llian  tour  liniPt  as  nmcli  as  would  lie  iieedi-d  ' 
tlie  plan  which  we  propose,  and  which  coiisisis  in  intureeptiiig  ""'Wprs  and  piintpil 

Tbere  are  in  use  now  in  viiiiouH  parts  of  lln-  world  Iliree  metliods  of  disposinKi 
the  Beware  of  lai'K"  eilies,  where  the  wiitei'-tiiriiiige  syHteiri  i*  in  nae  : 

(1)  Precipitation  of  Hie  nolid  |«L't«,  with  a  view  to  utilizing  them  as  miuiaro,  nad 
to  pnrifyiiiK  'he  nd'eaiUK. 

(2)  IrrisinIioTi. 
Jieilliei  of  tbiwB  proetissett  ha»  proved  remimerative.  aud  tho  former  only  cA 

tlie  sewage  wilhi-nl  piiyi/itipi/  it ;  but   if  the   time  comes  when,  liy  the  ai1v»tice  'I 
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onr  kntusletlge  of  ogneultTiisI  clifUiialtr,  sewHge  can  Ite  piofilnlily  nsetl  mx  a  fer 
lizipr,  or  if  it  sbonld  now  \>e  deemed  Iient  to  ntilize  il,  in  spite  iif  u  invQUiAiy  Iti 
It  IB  (Langlit  tlutt  the  puint  lo  nlnch  ut  projiuse  euiryin^  it  will  be  ha  snilahle  ] 
«»j  nLich  COD  be  foiinil  iieni-  puiiugh  lo  tlie  city,  and  nt  the  siuiie  lime  (ai-  enongli 
BWar  from  il. 

(3)  TLe  tbird  way  in  tbat  ailoplPfl  th^  wovld  over  lij  large  cities  near  deep  wnt«r, 
•ud  coDsiets  id  cairviii^  ibe  nevBge  out  so  far  that  its  |>oint  of  iliscliarge  will  be 
reniule  from  dvelliiigH,  atnl  lieyood  the  piissiliilitT  of  doing  liarm.  It  is  the  jtUn 
which  yonr  Commiseiou  nvoninieud  for  Boslou. 

Fig.  9  allows  the  main  and  intercepting  sewers  aa  fiimliy  worked  on? 
in  di'tnil  for  Boston  proper  aiiil  South  Boston,  in  acconliuiL-e  with  tlie 
refommi'udatiou  of  the   commitisiou.       Their  report  also  included 
separate  line  of  interception  for  East  Boston  and  the  territorj"  to  the 
North  of  the  Charles  river,  which,  howcTer,  was  not  adopted  at  that 
time.* 

Descriptiox  of  the  Bostov  Mats  Drainage. 


A   deseription  of  the  improved  system,   as  actnally  carried   out. 
divides  uatundly  into  fonr  parts : 

(1)  The  intercepting  and  miun  sewers  which  cany  the  sewage  b| 
gravity  to  the  paniping  stations. 

(2)  Tlie  pumping  station  where  the  sewa^  is  raLsed  to  n  sufficieot 
beight  to  permit  it  to  flow  by  gravity  through  a  tunnel  under  I>or-_ 
Chester  bay  to  Moon  island. 

(3)  The  deposit  sewers  leading  from  the  pumping  station  to  the  tt 
nel  shaft  and  the  tunnel  itself  tinder  the  bay. 

(1)  The  reservoir  at  Moon  island  in  which  the  sewage  is  stored,  aitd 
the  api)littuces  for  di3t.liavgiug  the  same  <luriug  el»b  tide. 

The  plan  iucUided  lines  of  intercepting  sewers,  by  means  of  which 
nearly  all  the  original  ontfalls  were  cut  off  and  tlie  st-wnge  ilivcrletl  to 
the  pumping  station  nt  Old  Harbor  point,  the  most  eiLtterly  portion 
of  the  calf  pasturi!  in  Dorchester.  Tlie  main  sewer  leading  to  this 
|K>int  is  alxmt  3.'25mile8  long.  Beginning  ut  the  jnrii-tion  of  Hnnling 
ton  uAcimeand  Canidt^n  stn-el.  it"  inclin.ilioii  thnmuhoiit  its  whole  fi 
teat  is  1  in  2,o0<>.  .\t  the  pumping  station  the  wiiter  line  of  the  invert 
is  about  14  feet  In-low  mean  low  tide,  where  also  the  diameter  is  10.6 
feet,  H  dimension  wbieh  hobls  until  the  point  of  junction  of  the  South 
Boston  intercepting  sewers  is  rein-b"d  in  a  liislancf  of  abont  «  mile. 
Al>ove  the  point  wlnTc  the  South  Bosttm  intercf'pting  sewew  join  il 
main  sewer,  the  latter  is  n>dneed  to  nine  feet  in  diuuieler.  Mid  <MiitiRni 
of  that  size  to  Albany  street  where  the  intereepHug  R-wer  for  the  « 

■  The  apiren^  ol  tluo  tatlar  UnlUiet  t>  now  !•>  praiv»  nt  i:  <n*triiFiinn  otHlrr  ihr  ^^ 
lknLi»f»  Cbmmiaaaa.     For  ucuUnW  ut  IW  coi;ln»rtnj  {'■!  itn  ioi»lTnl  *ee  (ti 
RefM.rl  lo  Uic  Hi— rJiimiltr  Drunafii  OommtMlim  |IM*I);  mati  (31  •  ttc]«rt  ul  llMillAi*  lb  aim  i 
Htaltfa  upon  U*  8s»»™c*  °'  '*"  *•>'■'''■"  ■"■'  <"T>"1-"  Hi»«  T«lltr»  (IHW). 
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side  of  oil!  Boston  joins.  Beyond  this  the  mom  aewer  is  again  ro- 
(lin-ecl  in  size  to  H  feet  3  iiicLi'S  liigti,  wLich  iliniension  hoMs  until  the 
eiid  of  thu  muiu  sewer  is  i-aaclied  at  Huntiugtoii  uveniie,  where  the  iu- 
tercppting  sewer  for  the  west  aide  begins. 

The  firwt  intcn-eptin-f  Hewcv  from  the  iiiimpiug  station  is,  as  ah'eady 
stated,  that  for  South  Boston,  whieh  by  its  two  branches  is  intended 
to  enidrele  the  [lenin.sulit  on  wliieb  South  Bustoii  is  witiuited,  and  inter- 
cept the  sew.tge  whioh  hjul  been  hitherto  discharged  at  1!)  outlets,  At 
tiie  point  of  junction  the  fjrade  of  this  intereeptijig  sewer  is  1.5  feet 
higher  than  that  of  the  main  sewer,  tliis  rise  in  grade  inwurinfr  (D  thitt 
the  sewage  ia  the  former  will  not  be  dammed  bact,  and  (2)  that  the 
establinhed  rate  of  iueliuation  of  the  surface  in  botli  sewers  wilt  lie 
umiutfiined  at  the  time  vt  uiavtnium  ibseharge.  This  intereepting 
sewer  is  six  feet  in  diameter  np  to  the  point  where  it  divides,  with  an 
iticlination  tliroughout  the  greater  portion  of  1  in  2,000.  The  diiimetera 
and  sections  of  the  two  liranches  are  varied  to  wnit  loeal  conditions. 

The  second  large  intercepting  sewer  wliich  enters  the  maiu  sewer  is 
tliat  for  the  ea^t  side,  connecting  at  East  C'hester  park  and  Albany 
street.  Stony  brook  intercepting  sewer  cfinnects  at  Tremont  street ; 
and  the  intereeptiug  sewer  for  the  west  side  at  Huntington  aveuuo 
and  Camden  street.  These  intercepting  sewers  are  generally  laid  at  a 
gra<Ie  of  1  in  2, 000,  thfjugh  in  a  few  places  a  somewhat  more  rapid 
gradient  waa  used.  Tlie  total  length  of  intercepting  sewers  now  in 
use  is  about  12.7")  miles,  making  witli  the  main  sewer  about  15  miles  in 
all.  The  size  of  the  intercepting  sewers  varies  from  about  5..'i  to  6  feet 
in  diameter,  at  their  junctions,  to  3  to  4  feet  and  smaller  at  the  extreme 
ends,  according  to  the  needs  of  the  different  localities. 

The  flowing  sewage,  on  its  arrival  at  the  i>uniping  station,  tir8t 
passes  through  a  filth-hoist,  where  all  floating  objects  liable  to  inter- 
fere with  the  action  of  the  pumps  are  intercepted  and  at  stated 
intervals  removed.  The  sewage  then  passes  on  to  the  pumps,  by 
which  it  is  lifted  about  35  feet  into  the  deposit  sewers,  which  are 
nearly  a  quarter  of  a  mile  in  length.  These  consist  of  two  parallel 
condnits  8  feet  wide  and  16  feet  deep ;  they  are  dammed  at  their  lower 
ends  to  mniutaiu  a  de])th  of  H  to  10  feet,  in  order  that  the  flow  through 
them  may  be  very  sluggish,  so  that  suspended  matter  will  be  deposited 
before  reaching  the  tunnel;  they  are  provided  with  the  necessary 
aiTangenients  for  draining  and  cleaning. 

In  Table  No.  42  is  given  the  amount  of  sewage  passing  through  the 
deposit  sewers  in  each  month  of  the  year  1887,  and  the  amount  of 
uludffe  removed  from  them  in  the  same  time,  also  by  months. 

From  Table  Ko,  42  we  derive  the  fact  that  the  deposited  matter 
amounts  to  0.31  cubic  yard  per  1,000,000  gallons  of  sewage  passing' 
through  the  sewers. 
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Tabij;  No.  42. 
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•  NiMlihiif  • vtil  rliirl'iK  llil-  iiumllL 

At  tho  fiirtlifr  uuil  nf  tlm  ilepotiit  Bewoiw  is  ii  niiisoiiry  chamber,  liiiilt 
about  llie  iiuiiiel  shaft  iiihI  i-(>iiiiei'tiu<,'  witli  it.  At  this  nhaft  fhiiKilnT 
are  twu  wusto  wwei-B  thi'uujfli  «'hii-h.  hi  irawe  of  eiuptyinjf  the  tiinurl 
for  inapeution,  etc.,  the  sewag-e  can  be  ti>iupiirai'ily  ilisi'biirgfld  into 
Dorchester  bay. 

The  shdft  ftt  tht>  trntl  of  the  ileposit  suwui-s  is  lUt  feet  deep.  Prmn 
its  flint  th'TP  iivo,  fi.OHS  foet  of  nearly  horizontal  tiimiel  Ifddinjr  to  thi' 
east  sliiift.  boyoijil  "'hitih  them  iirti  923  feet  of  iuc-Hueil  tiniiii'l  h'liclin^  ti» 
the  end  on  Sqmtiitiiiu  neck.  From  Sipmutiiin  to  Moou  ishmi)  nil  i-in- 
liaiikment,  oue  mile  hwig",  20  to  3(J  font  hifjh,  20  fed  wide  on  top  mid 
120  feet  at  its  bnae,  ui  whieh  to  cDUMtvuct  the  outfall  wewer,  was  built. 
About  4,100  fui-t  of  the  site  of  this  emb.uikment  fousisted  of  Iteds  of 
mild  from  10  to  40  feet  deep.  After  the  bank  was  eomploted,  slight 
settlement  oet^nrring,  it  was  deenn'd  imidcut  to  postpone  buildiii;; 
a  masonry  striiftiu-e  for  some  yeai-s,  nutil  the  bank  has  iisKunK'd  a 
condition  of  permanent  stabilitv.  Hence  a  wooden  flame  was  con- 
structed, 200  feet  to  the  south  of  tho  embankment,  for  teuip<iriiry  nsp. 
It  coasista  of  a  wooden  box  six  feet  square,  supported  on  benta  of 
three  piles  each  ten  feet  apart. 

The  reservoir,  at  present  covpriug  an  area  of  about  five  acres,  is  so 
built  that  extension  can  be  mmle  readily  at  the  south  tilde,  as  required 
in  the  future.  In  this  reservoir  the  sewage  is  receivcil  ah  it  thiws  from 
tho  temporary  flume  just  deacrilied.  whore  it  la  retaineil  until  after  tliC 
turn  of  the  tid",  when  it  is  discharir-'d  by  opi'niii;.'  a  si-ries  of  ir.'il"s 
wliich  permit  the  whole  contentw  of  the  reservoir  ti>  tlow  out  in  aiioilt 
20  ti>  30  minutes.  A  dpscription  of  liow  this  is  accompliKlii'd,  with  full 
details  of  iithi-r  portions  of  the  work,  are  fiiven  by  Mr.  Clarke,  and  tho 
reader  is  referred  to  his  book  for  a  more  extended  account. 

A  view  of  the  reservoir  it*  shown  by  Fijr-  10- 

The  velocity  of  the  ebb  tide  from  Moon  island  outward  is  abont  two 
miles  an  hour;  on  account  of  thiu  velocity  and  the  eunimamling  posi. 
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tioD  of  the  iBiand,  it  results  that  all  visible  traces  of  the  sewage  are  so 
completely  lost  in  the  vast  body  of  water  in  less  tban  two  miles  flow 
a£  to  be  indistingnishable  by  chemical  tests.  The  Boston  Main 
Drainage  Works  therefore  satisfy  the  conditions  laid  down  in  Chapter 
IV.,  on  The  Self-PuriticatioD  of  Ronuing  Streams  and  the  Rational 
View  in  Relation  to  the  Disposal  of  Sewage  by  Discharge  into  Tide- 
Water  ;  indeed,  these  works  may  be  considered  a  good  illostration  of 
the  correct  principle  governing  the  discharge  of  sewage  into  tide- water. 


CHAPTER  X. 

on  nitrification  and  the  nitrifying  organism.* 

The  Fundamental  Principle  op  Nitrification. 

The  necessary  essential  for  the  resolution  of  organic  matter  into  more 
primary  forms  of  matter  through  the  operation  of  nitrification  is  that 
the  nitrifying  organism  shall  be  present  in  conjunction  witli  au  alka- 
line mineral  base.  The  value  of  an  alkaline  base  has  been  practically 
known  for  at  least  2,000  years,  as  exemplied  by  the  Greeks,  the  Qauls, 
and  the  Britons  liming  the  land  which  they  cultivated.  Varro  states 
that  he  saw  laborers  on  the  banks  of  the  Rhine  fertilizing  their  land 
with  white  marl. 

Puvis,  in  his  Treatise  on  Manures,  mentions  the  excellent  results  in 
the  Department  du  Nord,  where  the  custom  of  using  calcareous  ma- 
nures has  been  followed  for  centuries.  Nevertheless  the  real  action  of 
the  lime  on  the  soil  has  only  been  recently  understood,  and  we  may 
profitably  review  a  few  of  tlie  more  interesting  investigations  of  nitri- 
fication which  have  been  made  in  the  last  150  years. 

In  1749  Piertsch,  in  a  short  treatise  addressed  to  the  Academy  of  Sci- 
ences at  Berlin,  stated  the  circumstances  which  he  considered  most  fa- 
vorable to  nitrification,  as  follows :  (1)  The  presence  of  calcareous 
matter ;  (2)  considerable  porosity  of  the  earth  to  offer  a  free  passage 
to  the  air ;  (3)  the  putrefaction  of  animal  or  vegetable  substances ; 
(4)  heat  and  humidity. 

In  1778  Clouet  and  Lavoisier  proved  that  the  lime  of  Touraine  and 
that  of  Saintonge  nitrify  very  readily. 

In  1782  Thouveual,  in  an  essay  which  gained  a  prize  from  tfae  Paris 
Academy  of  Science,  remarked  that  a  basket  of  chalk  placed  over  blood 
in  a  state  of  puti'efaction  produced  a  considerable  quantity  of  saltpetre. 
In  1784  Cavendish  demonstrated  that  nitrification  requires  the  con- 
tact of  an  alkaline  solution. 

In  1785  Rozier,  in  his  "  Course  of  Agriculture,"  said :  "  Stratifying  the 
dnnghill  with  lime  decomposes  the  air  contained  in  the  manure  and 
converts  it  into  nitre,  which  gives  to  the  soil  an  extraordinary  fertility." 

*  The  praliniinBry  disouuion  of  this  chapter  hiu  been  AbHtracteil  montly  from  ■  paper  on  N'iti^i- 
Sation  of  the  Soil,  hy  M.  P.  Bortitt.  Mi:m  Itoy.  Ag.  Soo  ,  in  Joiir.  Roy.  .\t{,  Soc.  of  Eng.,  vol 
uia  (1863).  pp.  VA^^. 
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SiibBequently  n  mnuljtr  nf  iLoiuistK  deiiiotiht luted  that  the  effect  of 
atiuuspbenc  air  ikctiug  upt>u  n  iuiiJiiii't.--Iieiip  is  to  nitrify  it  by  de^ees. 


Warinoton's  Papeb  BEt-iiiiE  the  Societv  or  AiiTS  m  1882. 

Coniiiis:  down  to  more  recent  times,  so  far  »n  tho  Ent;liKli  literature 
of  the  subject  iw  foncerned,  tin-  ino»t  exliimative  pa|u-rs  explniniiifr 
the  oouverBion  of  aiuiuoiiia  iiud  llie  iiitroseii  of  ortcn"i<'  subfitaiK-en  intii 
iiitrates  in  tlie  soil  tire  lliosi'  of  Robert  \\  iiiingtoii.  Li  liis  pujifr  be- 
fore tbe  Sot'iety  of  Arts'  in  If^Hi  the  theory  of  tlie  [inriticntion  of  sew* 
age  is  so  cleitrly  net  forth  tbut  we  may  qiioti^  from  it  at  leug-th  : 

Dilute  sohitifins  of  iirini',  or  of  auiiiinnium  salts,  cmilaiuiuB  llie  essential  eoufctiln- 
ents  of  jilani  fo-nl,  nndciBO  no  uili-ilif«lioii,  tlimisrli  tii'i'ly  exiiosed  to  ibe  aii,  ii 
only  they  Ijnve  licuu  prcviuiisW  Imited  uiiii  tljr  air  >ii|4<iii'il  to  lliem  in  llltEi*eil 
tliniugli  fotton  wool.  If  to  siidi  sleiilizeil  solutions  n  snmli  ]>ju-lii-|p  of  fieslt  Boil 
is  nililed,  no  oi'tioii  at  firsL  upp^ais  lint  iiltei'  a  nliik  iniiilli'Hlioa  '.els  in  uuU  Iha 
unimoiiiu  ur  iiiva  in  i-onvf  ricil  into  u  iiitmlt',  Fm  I  In.'  (nothu  lien  of  niliii.'  aciil  il  in 
nei-pstuLi'v  llml  »ome  bii.st>  aIiuiiIi]  lit!  present  »illi  »lii('li  iIk'  iiilric  iii'iil  tiiuy  I'niii' 
liiiie  Tile  aolioii  |iriicerdi  Ih3-.1  in  tlii'  ilaih.  WIn'ii  »  miliuioli  lins  tiins  nini.'fiionc 
nitiitHratioD,  a  <li'>)>  of  il  siifliri'H  to  iuiince  iiiititiiiili<iti  in  nitnllici'  holiilion,  which, 
link'ss  tblL?  seeileil,  Would  Liivi>  L'euiaiu(!il  nuL-lianf:>.'>l,  nuillli);  (lie  miiI.  <>i'  the  liolll' 
lion  that  lias  nitriileil,  entirely  destiovs  its  pnuer  of  fi.n*iii|f  niliilii-alion.  'ihr 
preseuce  of  antist^ptji's  ahn  previ^iit^  nitiiti(.-iition.  I..[islly.  nitiificulion  is  (■■.•nliaetl 
to  the  same  riLDKe  of  (empcmlur*?  whieli  li>iiit»  otlii>r  kiniln  of  fi-riiieiitiilir<ii.  Th*^ 
]H'oiluction  o(  nitrates  (iiocei'ds  vt'iy  kIomIv  near  the  fif'e)!inp-)«jiiii,  Imr  itH'n-aws" 
in  fapiility  h-s  lite  tempeiature  liHef^,  vhi'Iiimu  jtis  uiuiLiitiiinj  of  unertiy.  neeoiiling  to 
Mi'hlsesing  anil  Mnntz,  at  87°  C  (StO"  Falii'.).  At  hiclier  l<-ni]ieiutiir»;!*  the  intp  of 
nilrifitation  ia|Hilly  iliniiniislies ;  it  almost  ceases,  accoiiliiic  I"  'he  same  oljRervci*. 
Ill  M'  C,  (l"i"2"  I-'ahi'.),  anil  at  55°  C.  il31  Fahr)  no  rhuiiKt'  iirnrs.  11  Ihns  Bp|iea]Ti 
that  niliiliealion  can  only  l*  piodnced  in  (lie  in'csc-nci>  of  snnio  iiiliificd  or  niliify- 
vip  material,  ami  the  mhote  rouive  of  the  aclion  is  liniileil  to  the  coiidJIiousBnilalile 
to  the  activity  of  a  liting  fprnii'nt.  Tb"  Fri^nch  cliiinisls  cli<iiii  to  have  isolated  ihe 
fernieut  liy  systeniatif  cultivation  :   it  lielongs  to  the  funiih  of  liactena. 

The  imiifyinK  aelion  of  soil  on  newnge  is  piiilinMy  dne  to  tiiiee  ilistinct  actions: 
1.  Simple  filtnilion.  or  the  se|)anition  (if  BHspendi'd  matter.  2.  Tli«  prei^ipitatioD 
and  I'pteiilion  Ijv  tin'  xiiil  of  ammonia  and  vaiions  oiRanic  i-nhsiauces  pii-vionslt 
in  solnlion.  3  The  o\idation  of  annnonia  iind  ovpnnic  inatler  liy  Ihe  Hg,-oi)cj  of 
living  orguiii^mH,  The  hi^I  mode  of  action  is  nnd<-n)ite<lty  the  nio»t  iiii)ii>i1anl,  aa 
without  oxidation  tlii>  sc'wiiKe  matlei-  niusi  accnninhite  in  the  Roil  and  the  tilli-i-  bpd 
Iom;  its  el1iciii-y.  The  lilleiin^  powi'i'  of  u  soil  Mill  ih'{>end  entiiely  upon  ilf>  lu**- 
chanical  condition.  The  prii'ipiiH|in)^  |x>nei'  of  koiI  is.  i-u  (lie  other  inind,  n  chem- 
ia;d  fiinclioji,  in  wlddi  the  tiydiali'd  feriic  "%ide  niiil  alnniiiia  and  the  silientfs  of 
soIIm  ]irol>nlily  phiy  the  priurijuil  pnl-t.  Tiie  •'Xidi/ini;  pnwer  of  i*  >-<>i\  uill  depeuil 
(Mti'tly  on  its  niecliLiniiiil.  ]'iirlly  on  its  cliemii'iil.  and  |mjtly  on  its  liiolo^i.-al  condi- 
lion.  It  tt-n»  formerly  -.iip|"«ed  that  tlie  oxidizijii-  power  of  n  Koil  drpcjiilrd  i-olely 
on  ils  porosity,  oxidalion  lieinR  a.'isnnii'ii  to  oci'nr  hy  Kimple  contai-l  with  air  in  iW 
jiori-K  of  tin-  soil,  Wr  non-  Unow  that  n  pornns  nicdinm  is  by  no  nicnn.s  essential 
for  hilritiealion  :  sfwagp  nmy.  ind<-ed.  he  nitriflrd  in  a  (;lass  bottle,  or  «  hen  piuwiiig 
over  |><di«!ied  jicbbles.  Thonv'l].  however.  jHironity  is  by  no  memis  esKential  lu 
th''  nitrifyinK  power  of  a  soil,  it  is  nndoiibtedly  a  condilion  having;  a  very  favorable 
iiiflneiiee  ou  the  rapidity  of  the  |iioeiss  ;  a  [loionM  hoII  of  open  toxiuiv  will  |^let<rflt 
un  immense  "tirUer,  covensl  nitli  "vidiEinB  orKani^m.'.  and  steueinllv  well  &up)>lieil 
with  the  air  reniiisite  tor  the  dlM-hnriie  of  Iheir  fnnetioiw.  It  in  dimhtlnsH  owinit 
U)  this  fuel  that  nitrification  late*  place  wiih  so  miicb  frtroler  lupidity  iaaaoU 
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ban  ill  a  tii|uiil.  Tlic  H^U'agi;  will  itselT  Riijigily  tlip  siilistnnceit  leqiiiieil  for  iIik 
noil  Hall  rue  ut  tif  llie  o\iiliziii^'  •ii'f(iiiiif4iiis,  Oiw  umti'iiiil  c-.^t'iiHiil  lo  nJti'iHi.'Hliiia 
BW.v.  Iiitwevei'i  siiniPtiiucs  lie  tlplii-ieiil,  iiiiiiifly.  Ilie  hw.v  ivilli  uliidi  the  iiilni;  iiHd 
in  tu  colli  bine  ;  niiliou!  tlie  ]ii  esL-iioe  of  iIjih  sitlititil>)(<  ^lasl^,  iiitiiticHtioLi  will  Bpecililv 
couio  tu  a  sLEiii(I->ilill.     Ill  tlie  cuse  tif  ti>niis  sii[i|ilii-il  witli  huiit  nit'er.  iLu  setvii^e 

nuy  cotilniii  us  uiiifli  cuvl ite  nf  fuluiiiin  in  suliiiiiin  n»  will  siiffluB  fur  its  siilise- 

pieiiluitl-iflriilioM  ill  llitjsoi!  ;  hut  in  casi'ot  tii«-inMi|.iilii-i.l  willi  vpry  soft  wattl-,  this 
m  liaLilly  he  llir  i-aw,  anil  tlie  iiio-euce  of  ii  I'ljiisiilenilile  iniiolliil  of  lime  in  llie 
ail  ilsi'lf  ivili  liei-i iiiii'  ihsmiiul  foi-  i-flicinit  nitiiticiitioii.     Tin'  ofgniiisiiis  Kliich 
^effWrt  tlip  oxiilaiioii  of  ciiK'niic  iiiiilti-i-  arc  iilniiiilanily  incseiil  in  sinfacfl  soils,  but 
are  jiiiilialily  aiisfiit,  m   iii'uily  so,  in  nulisoils  ;  iu  MiiTate  hcUn  tliyy  will  piiilial.iy 
Ih'  abiiiiiluiit  ill   |>ioii<ii':ioii   tti  the  lii^lmcHs  <iF  the  soil  in  or^iiiiic  iiiiitlev.     Senai^n 
alio  ('aiiluiii'  till!  orffiiiiisiiiK  nwons-aiy  Inr  its  o\mi  (li'siniclidii.  and  iiiiilci'  [uvomblii 
conOiiiiiui  tlu-si'  tuny  b^  so  ;:iilliviiteil  un  to  eft'i-i.'t  iliti  |iiii'|nisf,     A  lilii-iing  itieiliiini 
nf  {line  saint  ailil  liaii,-aIoni%  ti'i'alpil  iiili-i'iniili'iilly  uilli  M<!WAgt-,  will,  afti^v  ii  linn', 
ili.s|iliiy  I'Oiini.li'iablo  imi'lfi  iu;,'  ]io«i'r>i,  llie  ^ili'fn(/i'>-  liei-oiimiR  coveied  willi  nxitJiE- 
Hoi;  organisms  di'iivfd  from  llie  seiniK*--     No  snrli  im-diniu  niil,  liowevor,  eijnal  in 
pTet-l  a  poi-ons  soil  rit-li  in  ingaiiii'  lilV.      It  will  br  uatlii'icd  IVmn  the  ubs(!rvali<iim 
iimv  inadti  lliut  it  wriiild  1jl>  Hiihnilili>  to  coustriii't  a  filti'i-bcd  lia^in;;  a  givntei   o\i- 
ili^ili)^  |ii]Wt!i'  tbiiD  woitlil  bi-  ]ioHse»!ied  by  uii  ordinary  mnl  and  Kubsiiil.     Siicli  a  lird 
ivoiilJ  be  niiidu  by   layint;  over  a  syateni  of  dlaiii-(ii[".is  a  few  feel  of  noil  oblained 
from   tlip   «nrfai'B  "(tintt  B  itioin's)  of  a  ROod   ficdd,  llie  soil  Iteiiig  seleoled  »s  one 
|ioroiH,  and  i-onlainint:;  a  consiilerable  amount  bolli  of  L-ai'bonat(>  of  caleiiini  anil 
ori^Aiiii'  miilter,     A  lilti'r-bed  lliiis  |iro|>nii'il  would  be  far  more  jiolotls  ibali  a  nal- 
^ntl  soil  and  subsoil,  and  wonld  ]insNe-ts  aetive  oxidizing  fuiic^tions  thronghnnt  its 
fcliiiie  dnplh.     Tiisi  oxidiKinB  (inwer  of  soil  must  uhvayM  bn  eonHidcmbly  grpater 
HI  Fiimimer  tlian  in  winter,     Tlic  favoiablf  iiillni>m-u  of  tlio  wiiriuer  i^tiisonn  of  llie 
^Kui'  ii  apjitirently  seen  in  sevi'iiU  of  FranUliiiiil's  e\]>i?riiuentH  ou  tlie  iiiteiTnillifiit 
^Bltraliori  of  xewuKe ;   the  sainp  influence  of  leinjieratule  will  be  |>lAil)ly  kIiowii  in 
some  of  the  Hothamslrd  leHiilts.      When  we  turn,  howei'er,  to  the  analvBeM  of  the 
_efll(ieut  water  from  imgated  land,  the  fart  in  not  olwavH  nifliiifest.     Vie  must  recol- 
[■1.  Jir.wevei',  that  a  considerable  part  of  the  niti-atcH  iirodneed  in  suinnier  will  be 
wmiluled  by  tlie  [Tiowini;   ero]ii,  and   will   therefore  not  ajijiear  in  iho  dminaKe 
ilflf.     The  oxiiliziiitf  jiower  of  a  soil  may  al>o  be  in  excess  of  the-  work  jirovided 
br  it,  so  that  even  willi  a  low  ti>in|n'ralurp  the  usual  ninonnt  of  |iurifiention  may  he 
liltaiiiod.     A  low  lein|ienttni'e  will  also  atTect  only  the  oxidir.inti  funelionK  oC  the 
iuiij.  tti  [Hiwer  of  ]ire('ij>i1a1ing  and  relaininf;  newa)|^  matter  will  remain  iincbnngpd. 
^Diie  mure  [mint  may  bo  woitli  notice.     \Vn  have  nlready  referred  to  the  fact  that 
fcilriftcation,  like  all  otiior  kinds  of  fermenlntioo,  ceases  in  the  |Ue«eiico  of  anti- 
septics :  tlie  refuiiG  of  chemical  works  may  tliiix  ftomtitiiues  pruvu  a  great  liiudmncu 
lo  tbe  puri&uatioii  of  aewage  by  soil. 

I  III  188i  Mr.  Waiingtoii  read  a  paper  bofor«  tlic  British  Anaociation 
r  the  Advaucemeiit  of  Science  •  in  which  ho  somewliat  extended  the 
views  of  nitrificiition  whifh  ht*  litid  exjifessed  in  the  paper  Iji-fon-  the 
Society  of  .iits  in  1882.    The  following  extracts  from  the  paper  iu  1884 
kay  be  made : 

The  evidpni7e  for  the  ferment  theory  of  nitrification  is  now  very  complete.    NitH- 

ficntion  in  soila  and  watei-s  is  found  lo  be  strictly  limited  lo  the  mngo  of  temperB- 

'llrij  within  which  llii?  vital  activity  of  lii'inj,'  fernients  is  conllned.     .     .     .     NiLriflca- 

on  i«  til«o  de|>eudf  lit  n|"in  the  prosencp  of  |dant  food  suitable  for  orRaniums  of  low 

bancter.      TEecpiil  ex|>eriments  at  Hotliamsted  hIiow  that  in  the  altsence  of  phos- 

ttea  no  iiitriHcatiou  will  occur.     Further  proof  o(  the  fennent  theory  is  uffonled 

*  Hcport  ot  Mtb  MMting  Brit.  Ahu.  tor  tbe  Adr,  Hot.,  Uuncn»l,  ISM, 
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bj  llle  (not  llitil  uDtiaeptics  oi'e  fftlal  to  njtrilication.  Id  Ihtr  )iii«ieiice  of  a  small 
({naiitiTv   uf    I'liluroforui,   cui'Injij    bi!)iil|>liiil^.  sAlicvlic   aciil.  and   apiwit^nllv  aUo 

|>ht'lit.>i,  iiltilHcuDoti  eutiii>t_v  ('«-a.Hi.'it.  Tlie  lu'liou  o(  ljt-nt  ii>  ulso  eqnallv  t.-i.iiitiium< 
lurj,  iiui.-.Liig  aewagp  lo  till;  liniliiit;-tM><i>  fiiliiely  prpieiits  il  nmleigu  ii-;  iiitnfi- 
<«iiou.  Tlii>  li(«iiiiK  of  aiiil  t>>  ilie  rvalue  l<>m|<>')'atiirc  pflei'tuiilly  ilfnliiivi.  il* 
Ditrifyiiig  jniner.  Fitinlly,  niliitioulioii  iiid  i>c  atiLiii.->i  iu  lioiliiig  seivog^,  »■'  in 
vtlier  MeniixeO  li>]iiiil  uf  siiilulile  cuiii]HiHitiuii,  liy  iL^  ailditioit  nf  a  fen'  piirlii<l<-i  of 
fresh  sitrfaiv  sutl.  or  u  lev  iiii)[)s  of  a  solntion  njiicli  liu»  uli-eatly  nitiiHetl  ;  though 
wiiboiit  »u'-h  niiiliiioii  these  luiujils  war  lie  freelv  exposed  Iu  filtered  nir  without 
uiliitii-aliDii  lukitii;  jduce, 

StuttU  qllaiilitic^  t>r  huil  kkk:  tukcu,  ill  di'pths  vai'viiig  from  Inu  iiichen  to  fight 
feel,  fioiu  fi-^Khly-oiiI  MiifiiC's  uti  ihe  sidti-i  "f  |'i'»  sviiik  in  ihi-  I'luT  soil  at  Ittilliani' 
sImI.  ,'rtii'  .--oil  leiiiovtHi  nas  at  mn'o  ti-nii-sfi'L ivd  ti'  a  Mi-iiliiiil  soliilioii  of  (tilnl/-il 
tlrilie.  which  was  afleiuiird  e^aiultii'd  finui  time  to  titiiH  lo  Ahorrlain  it  nilriRculiou 
toiik  plaiTc.  Fj-(>m  th<-  results  it  woiihl  D]-i>ear  that  tu  a  claj  fcoil  llie  uiliifying 
organism  is  con  Surd  lo  about  18  iiii'iics  o(  the  lop  hoII  ;  it  !■.  must  nhnndnnt  iii  the 
fint  6  iiii-hes.  Il  i^  i|iiit(-  ]>osvib|p.  honvvtr,  tliat  iti  thc'  i-himnels  oaiisdl  b\'  nonn* 
or  I'T  the  luotB  of  )'I»ii(h,  IIh'  oi'^uuiMii  may  ott'iir  at  f:i-<-iitei-  depths.  Ja  a  >jiiidT 
i^oil  vti  KhoitM  ^\i>ei-i  to  tiiid  ili«-  ori^aiiiKoi  at  a  limer  level  thiui  id  claT,  bat  of  this 
ne  liav«  a^  v«i  iiii  diiert  eridviice. 


Tbe  later  i u vest  i nations  sLuw  the  i>n>s«uce  of  tbe  nitrifyini 
ism  at  as  <rreHt  deptliti  iu  poroits  soils  as  fom-  feet. 


orgaii- 
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The  work  of  the  Mussttehnsetts  Ktate  Boanl  of  Health  ou  nitriSui- 
tioQ,  as  piiblUheil  in  Part  II.  of  thi'  Special  Report,  funiishiTS  a» 
with  a  hiTgv  amount  of  recent  information,  aa>d  wc  may  oonclode 
Ihe  theoretiitil  part  of  this  rhapter  hy  quoting  some  of  the  more  iuipor- 
tHiit  iKirtioiiH  of  thi-  (li8oii¥«iou :  * 


The  oxidation  of  llie  Ditro^'n  of  aDiDionia.  and  its  tiltimate  poiu i u»wiii«,inl«>  oitria 
acid,  is  ealleil  nltrifli-ntiou.  This  change  is  eepeetallT  active  in  anila  ar%t  lbs  mir> 
face.  <rhen'  nilmti>s  arv  (unued  abuiulaatir  fnun  pereoUliug  vatets  wluch  MiDlaiB 
lunch  DitrogrU'>UN  uiatler. 

Tlii-i  pha«e  of  iiitntii-atiuD.  Ilic>  fortnation  of  nitntea  in  porona  aoil.  has  htra  at- 
teiilivflr  sliidiol.  But  less  atlvnliuu  lias  bt>eu  fctrm  lo  Ibe  proevas  of  nilrifitstKia 
as  it  )t<><*'  >■<>  ■■<  sut'iKV  TaliNs,  saclt  as  nltvams  anti  )>onils :  and  it  is  ta  lliia  side  nf 
tfa«  qnvslioti.  namely,  nitrilkaiioa  ■>  il  nccnn  in  natunl  valers,  tlMt  oar  atnd;  lias 
be^n  chiefly  ilirectrd. 

Soon-  eitihty  nuupks  of  water,  wlcetpd  tri'tn  two  handrn.1  and  forty  conuog  Mch 
KOBtli  lo  th<^'UlK>^ilMT  of  llie  Sialc  Boanl  of  IK-allh.  «vre  euMuiOMl  at  iatemla 
«f  frofn  two  to  srven  dai's  (i.>r  aniiDoiiia.  nilritcK,  and  nitnltw,  Tban  aanipk*  WM* 
n«M<r«d  trooa  all  iiarta  i>(  the  Sute.  and  inclvded  all  rtaiMM  ol  mLrfaa>  watsr, 
rivert.  |><ii-K  anal  n-sniKnirs  Ttivy  vvrc  nauiMd  r«pralnll,r  during  tlie  noallw 
of  J1ll1•^  July,  ami  .Vagntil.  188K. 

Tlw  nwnlts  nay  Itr  liiM-dy  statnd  as  follows  :  Tba  orpuiic  nalti-r  in  nupmsinB 
diiraya  in  abmrt  umw  •lavi,  tw  4lniua  by  llie  tDnvasc  in  "  frvr  aiunionta'  to 
alhint  foni<<  '  tiia"  llJlSllisal.>i)•(^■^I-).  and  niuilir  ii  iis 

plan-,  "•cl  iw^oty-on*  JavB      Lah-t  Ihe  aitt-  i»- 

apjwars,  and  ni  iitoT^i^  •'k;i^;  iiy-i  m  motv  all  tho  niliv^n  tia'  Iwvn  (ivnriii-ni  lato 
ihe  (orm  of  nitnd<'-  Whi-n  the  «napaBd«d  naU«(  is  ramovrd  ly  lilttati«a  llmnsh 
paiMir  or  by  pcveijaUlKsi  nitli  aluniina,  ao  chanffv  «cenr>  oalfsr  fivr  annnania  wrn 

•  |am>if  till*  api-  NilhlnbM  i^t  lk(  Sitnrniw  UroaMa.  tn  tUvIa  O  Janka  Mi 
BU<aB.Bkter<h    Surtal  tbipL.  M— .  at  JM  Unahfc.  fviU  Q-wt 
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(Jieieiil  ikt  tlie  oiilsot,  ...  It  Ijiis  loufj  Iji-eti  kiiovui  tliiil  Ibc  Hist  slep  — l!ii>  .le- 
romfiosilion  of  mtrogeiKHis  iii»tt(fr«tid  i^uiisfijiii^iit  jiioiluctioD  ot  lUHuiunia— ifi  -liie 
lo  Xha  vitaJ  nrtivity  of  liiicteria.  The  ciu'ly  i-x|)oi'iiiii^iiIs  nf  SoIimuud  luiii  Scliultze 
(1830|,  iLiii)  lliu  latin'  aud  tliorDUglil;  coiiuliisive  work  of  Piistelir,  liliuwoil  lliiit 
[mlrefuctiuii  ol  oigQuic  malter  in  biouglit  ubout  solely  W  llie  Kmall  vf^plaMt) 
orgaiiisni»  known  as  baetyiiu.  Evi-n  aftei'  tliia  (nft  bocaino  gt'iieinlly  kimivn,  it  was 
•u>nie  liniG  liefont  tlie  imj>ui*<aiioE!  of  tlie  coiu|>k-te  range  of  this  ilisi^ovetv  va>i  ?ita- 
pei'tpj.  It  was  nlill  niaiiitaiiieii  that  the  [iinteas  of  nilriliL'ntioii  i>ro[>ei' — Ihii  oxi- 
ilatioii  of  ammonia  to  nitric  ucitl— wa.*  of  a  ['iii-el.v  chpniical  nature,  altliimgU  llie 
biiriieu  of  jHoof  was  flt«iii  thrown  ou  tlioae  wliu  niiliulcl  this  view.  The  close 
•lirpuui]uiic;i!  of  [iitritii.'jit.ioii  upon  a  rather  narrow  range  of  tempemturc,  tlie  ct>isa' 
lion  of  tlic  process  on  the  aihlition  of  iiiitisepties,  the  opemlioii  of  "  seeding  "  oils 
"uiliition  witii  iinotUer,  the  ini]Hissilnlity  of  t-ffeiiling  rapiii  iiitiificution  by  tliemiL-iih, 
llie  analogous  plienonieua  of  jmirof action— all  pointed  cleai'ly  to  the  fact  that 
uitriticalion  deponils  on  tlic  praseni-e  of  living  organisms. 

The  lirat  i-on elusive  pmof  that  sncli  wjv<  the  ease,  liowever,  came  from  t.lie  wnrk 
of  Scliloesing  anil  Muiitz  in  1W7.  Thw  work  of  tbeHe  observers  reiiJereil  it  iiim-ii- 
oaDy  certain  that  living  organisms  of  siiuie  kind  are  the  true  agents  of  nil.nlicati<iii, 
"  It  now  remains  for  us,"  tlioy  said,  "  to  discover  ttiid  isolate  tlie  nitrifying  oigan- 
igmii,"  Schioesing  aud  Miintz,  in  tlieir  Hubseijnent  investigations,  believed  that 
tbey  liitd  succeeded  in  making  this  discoveiT  ;  but  in  viow  of  the  (acta  of  modern 
bactcriotngy  we  are  iinri>rtiinately  unable  to  assii^ii  nincli  value  l-o  this  part  of  tlieir 
trork.  It  is  not  easy  to  satisfy  one  s-self  tliat  Scliloesing  and  Mtintz  ever  worked 
witli  really  pure  cultures  of  isolated  species.  While  the  work  of  these  iiivesti- 
gators  eslublished  beyiind  all  i|iiestion  Che  fact  tliat  niCiiMcation,  like  the  analogous 
phenomena  of  termuntation  and  putrefaction,  is  caused  by  living  organisms,  it  left 
entirely  o|ien  the  precise  nature  of  these  organisms. 

The  Hrst  e\|ierii)ients  with  species  of  bacteria  isolateil  by  modern  nielhodK,  and 
tlierctoiv  uiidoub!edly  pure  cultivation.s,  are  those  reoorded  by  Henieus,  Hemens 
expi.*riin>?iiti-d  with  fourteen  woll-known  species  of  bncti'ria,  and  witli  about  as 
many  othci-s  freshly  isolated  by  himself  froui  water  aiid  soil.  Ho  cultivated  thuse  in 
an  animiiuiacal  aolution,  and  obtained  in  tlie  case  of  several  familiar  species  good 

SiiiililAiive  testH  fur  uiti-oiis  acid.  Among  these  siiecics  were  Bacillus  prodigiosus, 
le  Finkler  Prior  liacillus.  the  baiiillus  of  typhoid  fever,  the  anthrax  l>acilliis,  ami 
olher-4  Hcr-.ieus  coiiiliides  that  all  these  organisina  jinsseis  oxidizing  powers, since 
lUey  ale  thus  iippiireiilly  able  to  oxidize  ammonia  to  niirous  acid. 

Thi-  work  of  Adauii'tz  and  Fntnk,  on  the  other  hand,  did  much  to  offset  thi!<  |iosi- 
tive  result  rciiched  by  Heraeus  They  found,  as  other  investigalor.-i  had  found  be- 
fore tlieiii.  tljiit  th''  iii'ioducliou  of  a  Miiall  quantity  of  garden  soil  into  an  amnioni- 
*cat  sobiiiiiM  woulil  pi'tpdiice  lupid  nitritteaiion.  The  various  species  of  liacleiia, 
liowentr.  which  th'\v  i-ioLitcd  from  this  soil,  and  introduced  «s  pure  cultures  into 
Htenli/.ed  iimmoiiiacal  solutiom,  refused  to  nitrify.  In  no  case  was  more  tliaii  a  trace 
o(  uitiii'  iH'id  ohsei'ved.  Frank  was  so  inflneneed  by  his  con'inued  negative  results 
tliat  at  a  la'er  date  he  went  so  fur  as  to  deny  that  living  organisms  had  anything 
wliutcvf^r  to  do  wilii  iiitrilii'ation.  This  sceptical  attitude  sceined  for  a  time  lo  1>e 
tnljy  jiislitied  by  the  experiments  of  (Vlli  an<l  Zucco  It  was  soon,  however. 
diiim>iist4'atj*d  HHain  by  He  vera  I  skilful  investigators  that  nitritjcalinn  could  not  l>a 
tterountcd  for  by  purely  chemical  inliuences.  There  was,  nevertheless,  no  cessniiou 
ill  the  pnldicatiou  of  negative  results.  Tlie  work  of  Heraens  was  extended  and 
eUborated  by  P.  F.  Fraiikland  and  by  Waringlon.  FrankJand  failed  entirely  to 
obliiin  any  evidence  of  osidation  of  nitrogen  by  individual  species  of  bacteria,  and 
oil  Ibis  point  came  iato  direct  conflict  with  HeraeiiH. 

Not  only  is  the  nitrifying  organism  pi'ssent  in  Bostoii  lap-water,     .     .  but  il 

appears  to  lie  equally  common  in  water  from  all  parts  of  the  State  of  Mussachuselts, 
&>  for  as  one  esLijerienco  has  gone,  any  natural  water  containing  the  oiiltiiai-y 
»lnoiiiiI  of  fi-ee  or  albuminoid  ammonia  contains  also  the  nitrifying  organism,  as  is 
xhowii  by  onr  long  scries  of  tests.  In  tliese  natuml  watei-s  the  nitrifying  organism 
•»eiii>  lo  be  under  wholly  noinial  conditions,  and  to  be  abundantly  able  toeiTecl  the 
Oliilstiou   of   the   small    ipianlities   of   nitrogen   usually  present  in   these   watem. 


1112 


SEWAGE   DISPOSAL   IN   THE   CNITflD   STATES, 


■n  li     i 
s  of 

all. 

hiiH 
atin 
[leee 


Walers  that  coiilain  liigh  " alhn&iinoid  BininoDta,"  in  c^hs^b  wliere  tliin  "ainnioli 
ctiiMuH  frtiin  tbe  iiitiogeti  in  infuBoria,  algiu,  etc.,  go  tbrough  tlio  Ntnie  cLaugt^e  a* 
tliUHe  wliich  cuiiliiiii  ''  Free  amuioDin,"  lint  mure  hIdwIj.    Tlio  oi'^aiusius  in  tiiui>  die, 
the  Imcteinu  set  Uee  tlie  nitrogen  of  ilieir  bodies,  formiiig  free  ammonia,  anil  t'    ~ 
ill  Inni  nitrites  und  nitmlPH. 

It  raigUt,  imi'iiBjm,  in-  ri'nsunably  t^xpecleil  that,  siiicro  Dir  nitrifying  orgBiiism  w 
auiionbteiilj  preNent  in  nil  those  waters,  an  e.taniiiialiou  of  geliitiu  plate  ouitiu'es  of 
theiio  waters  noiild  reveal  hoiiip  i>arliciihir  kind  or  kindn  of  euloiiies  common  to  all, 
und  ill  that  way  nid  in  lilting  out  tlip  nitrifying  oigiiniHinH,  Our  expeiienee  Iihh 
bIiuwii,  huwovor,  tiiat  Biich  a  hope  la  unfounded.  Hu  fur  «»  ihe  inspection  of  gelatin 
pUte-cuHurea  ennblea  tlH  to  judge,  no  tine  kind  of  eutony  ix  couiiuon  to  all  tlieee 
Wfttere.  This  fact,  on  the  surface,  seemed  to  favorthe  view  that  the  [wwar  of  Di 
ticutiiin  WBB  not  the  properly  of  any  jmirlii;ular  organism,  but  van  very  likely 
spMiied  in  common  by  a  nuinln?r  of  kindred  Hpecies.     .     .     . 

There  was  ,  .  .  one  [tosKible  explanutiim  ci(  our  tailiiie  to  reach  cousistenl 
positive  rPSnltB  by  the  use  of  species  of  iiacteria  isolntpd  by  the  melliod  of  gelntiu 
plate -enlture.  It  might  be  that  the  nitiifying  organism  did  not  gzow  on  gelnliu. 
Bverytliiug  iseenied  to  point  in  tliin  direction,  and  the  belief  was  further 
atretiglliuned  by  a  very  significant  tnct  observed  about  thix  time.  We  Imd  known 
(or  some  time  ihat  in  the  histon*  of  the  HIter-tanks  at  Ihc  Luwicnce  EipenuiHDl 
Hiation  apeoily  nitrilicatioii  wan  nlwavH  coincident  with  a  mnjkcd  decline  in  the 
numbers  of  bacteria.  Tlie  effluents  (lLni.'hargeil  from  the  filter-tanks,  although  iiigb 
in  iiitrutea,  were  low  in  buoteria;  ami.  moreover,  the  more  complete  the  nitrifica- 
tion, the  fewer  were  the  bo^^teriii  in  tlie  clhtieul. 

Vi'e  also  observed  that,  in  on  uninioniiicnl  solution  wliiab  is  Heeded  with  ordinary 
poiid-water  cuntttiuiug  several  .sjiecies  nf  baeti>ria.  tbeic  in  dnring  the  fii*Kt  few  days 
a  mpid  uiulti plication  of  thi'  contained  germs,  Nitiitication,  however,  does  not  as 
a  rule  bcuin  until  fmiii  tj-n  to  fourteen  days  have  elatised.  By  the  time  nitrification 
lM?gina,  iho  numbers  of  baclerio,  a>  shown  by  gelatin  ]>hite- cultures,  have  begun 
ilecliue :  and,  while  the  nitrogen  in  the  form  of  niliiies  in  Ilie  solution  is  incri 
iug,  the  numiiei'K  of  bacteria  lire  ha  steadily  dimiiii.shing.  Thus,  in  one  in.stau 
an  uninioniacml  Holulion.  lour  davs  after  its  inoculation  with  a  cubic  ctgititnelre  of 
(3oehituate  water,  contiiincd  3,Tt>'2,000  bacteria  per  cubic  centiinctre-  Niirificulion 
Imd  not  yet  bi>gun.  When  Ihe  liL-st  signs  of  increasing  nitrites  appeared,  llie  iinni- 
lieis  of  bacteria  Imd  sunk  to  lil.'JtK);  and  when  the  nitrites  reached  their  niavininm, 
the  bai'teria,  shown  by  gelatin  plale-cultures,  were  only  !),454.  It  was  eerlainly 
diOicub  to  understand  why  nitritic]ition,  a  process  api>arently  dependent  upon  llie 
life  and  activity  of  biieteria,  should  aeem  to  lloiiri.sh  best  under  conditions  in  uliii'li 
bai'teria  were  periKhing,  If.  howcvei-,  it  wi>r«'  assumed  that  liio  nitrifying  organism 
could  not  ;;row  in  the  uaual  aulatin  media,  all  the  pcrple.ving  results  above  record 
uonld  ))c  uJorc  ciisily  explained.  Under  (liese  circumslnnces  it  was  mitunil  far 
to  make  such  an  assnm|>tion. 

There  was.  of  course,  the  possibility  that  the  nitrifying  orgatiisui,  liy  its  growth 
on  gelatin,  had  lost  its  peculiar  pro]ierty  ;   but  it  did  not  seeiu  lo  ii«  likely  llial  ".o 
fundamental  a  jiroperly  conM  be  parted  with  in  so  short  a  time.     Honever  llial 
might,  be,  we  determined  to  test   the  oth<>i'  hyiiolliesis  liist,  since  we  believed  it  to 
be  the  more  probable  of  Ihe  two.     Accordingly  e^l>l■nll^eQls  wcie  begun  lontti-mpt 
to  isolote  the  nitrifying  organism  by  the  method  of  dilution.     This  is  (he  method 
that  was  comiflonly  nsed  by  invesligatoi*s  in  bacteriology  before  the  iiitentton 
solid  culture-media.      U  has,  as  is  well  known,  sei'ioiis  practical  as  well  o"  Ihcore 
cal  drawbacks.     In  onr  piiictice  a  small   I'oitiiiu  of  an  actively  nitrifying  solnlion 
is  transferred  on  the  loo]>  of   a  sleHliiied  plulincim  needle  to  a  aterilizcil   nmmoni- 
ncal  solution,  and  when  nitrification  in  llnis  induced  in  the  second  solution  a  fn 
ttwnsfer  is  made  from  this  lo  a  third,  and  so  on.     ICigid  precaulions  have   h 
taken  lo  avoid  tlie  introduction  of  foreign  germs. 

Hardly   were   these  eiperiments   well    under   way   before    our  interest  iu    tl) 
method  of  procedure  was  stimulatrd  by  the  pubticuliiai    of    conininnicatious 
Peroy  F.  Fraukland.  and  Oince  Franklaiid.  and  by  Bobcrt  Waringtou,* 

*  Tha  Chotniditl  Naw*.  vol.  Ixi.,  p.  IRfi,  Harob  Ul,  IIW, 
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The  Frail  kluudH.  liAviu^  reaolieil  a  coucloBioa  similar  to  our  own  rcgaviliDg  tbe  be- 
hsvini'  III  tlie  iiilrifyiuK  or^aDism  hi  );eialin,  lioil  il1>u)  attempteil  lu  iRulutc  tbe  lutri- 
tyiuf,'  (irgiiuisiLi  bv  Ihi'  diliilinn  rtietlioi),  uii'l  hud  xiifeiieded  ixi  tlie  atteuipt.  They 
atjite,  ill  llic-ir  nliiliui;!  uf  ilif  [lapcr  ipni!  liefniv  I  lie  Ilovul  Hoeietv,  tliat  "  after  n  vpry 
Inrge  muiilii'r  of  f\[>eriiiieijts  Im.i  lii'eii  lujiik'  in  this  diioctiori.  the  iiuthois  nt  length 
imcceeJi>il  in  oblainiug  nn  iitl.prm.itioii  consisting  of  nliont  I-l,OtiO,l)OOtli  of  the  origi- 
nnl  iiilrityiiiK  Hohitiim  tMn|ilciy('d.  whieli  not  oniy  iiilHru'd,  lint  on  inoculation  into 
gehitin-peptone,  i-efused  to  grow,  and  wiis  seen  uniler  the  microBCOjJe  to  coiisiat  of 
miini'roiis  eiiniactflristic  baoiUi,  hardly  longer  tliiui  broad,  which  may  be  deHcribert 
M  Imcillococci." 

Waiiugton'it  comninnlcal  ion  entiiely  conhiuis  that  of  the  FranktandE,  in  bo  far  as 
it  relates  to  their  enrlier  and  ne^jative  [■eRUlts,  He  had  not,  liowever,  at  the  time 
of  writing,  siiiveedpd  in  iMiilalintt  lliii  nitrifying  organiBin. 

A  p9|ier  by  Wi  nog  mil  sky  fulluwud  hixid  aft^r.  He  ai>pears  to  have  diacovcrecl 
iDdeiiendontly  a  nitrifying  organism,  and  attributes  his  suceesN  largely  to  his  uii- 
oroBcopic  ejLami nations  of  the  nitrifying  solutions,  und  to  hiw  use  of  siilutionrt  d«- 
Toid  of  organic  matter.  The  following  in  the  eoinpoaitiou  of  the  liiuid  finally 
adoptMl  by  hini  : 

Qntnmn>m 

Ammoniiiin  s,nl|i!intp 1 

Piil-ftssiuin    jilioHpliale   1 

Water  fir.in  th.i  lake  (iil  Zurich,  "  trEs  pnre  ") 1,01X1 

EhcIi  |M)rticin  of  IIKI  r^iiliic  rt-nliinplrea  received  in  addition  .5  to  1  gm.  of  tiasic 
niagne>ium  <'aib<inalL',  .siis|ii'iid<-d  in  distilled  natei'.  Winogi-ailxkr  found  that  this 
Inyer  uf  niugin'siilni  r-nrlioiiali.'  nt  tlii>  bottom  of  each  flask  alTorded  an  excellent 
gftthsrins  |iliici>  fi>t  tlncks  -if  Ihi-  nitrifying  organinui.  The  "  iiitiic  fern;ent"  does 
licit,  as  the  Frank lundi  liad  ali-paily  nhij»n,  arow  well  n|«in  ordinary  gelatin  ]ilale- 
cnltiiivn  ;  aitd  lh\i  is  |ir'ibHbly  \\ir  cnnKf  cif  I  lie  failitie  cif  all  previous  cxppi'imeuters 
til  isohiti?  the  Riipciiil  fevnii'nt.  I*'r>i'  Winogniiisky'a  detailed  de'criplion  of  the  nitrio 
termenl,  mid  fur  a  stati-nii'iil  ■■!  his  ]»>ciiliar  vii.ns  concerniuK  its  riiiii;lion,  " ile 
rrgiihii-ifHf  In  nrrnhttun,  ilii  ,:ii-t-imf  urn-  iio'ii'^i/niiW,"  we  must  refer  io  hit  original 
|iBl>ei-fl." 

Before  receiving  Winognulsky's  |mper,  in  the  spriug  of  1890,  wo  linil  been  using 
in  our  wuk,  nr  ihi'  -.iiggealion  of  Mr,  Allen  Haxcn,  an  nmmoniacal  aolulion  of  the 
follutring  coin|"isilii>li  ; 

f?[-H1l1 111011. 

Ammonium  eldoridn  (reaublimeJ) l.'JC'TO 

Soilinni  carboniile. 3.7812 

Sodium  |.luw[iliii(fi 3000 

Potassium  sulphate 3000 

Proceeding  with  tliis  solution  by  the  method  of  dilution,  we  at  length  succeeded 
ill  isolating  a  nitrifying  organism,  A  flask  was  tli-st  iniwulated  ivilli  a  few  gmins  of 
sand  from  Tauk  N'l.  13,  at  the  Lawrence  Experiment  Station,  and  when  nitntiealioQ 
was  al  ill  height  in  this  solution  a  small  portion  wai  Iriinsferred  from  this  lo  a 
wcond  Husk,  and  so  on.  AtliT  a  large  number  of  unsncecssfiil  attempts,  two  solu- 
tions were  (inally  obtained  which  nitrified  well,  hut  j;ave  no  growth  upon  ordinary 
IKlatin  ]iiiite-Pidtures,  allhougli  the  plates  were  allowed  to  stand  for  seven  days. 
Mieroseopic  examination  of  these  solutious  showed  them  to  be  inhabited  liy  a  par- 
tienlar  form  of  haclHiis,  and  ii;ipAi~ent1y  by  that  alone.  These  haeilli  are  short,  of 
a  slightly  oval  nha|>o,  and  vary  fruin  1.1  „  to  1.7  u  in  leni>th  :  they  are  about  0,8  u  to 
0.9  u  broad.     They  ari<  urou]ied  very  eharaeteristically  in  irregular  eluniiw,  and  are 

_i>eld  together  by  a  jeily-like  maleiial.  Each  aggrecaiion  is  indeed  a  typical 
Bgh^a      Tlu'  aggrpgations  cif  bacteria  were  found  chiefly  on  the  holtoni  of  the 

akN  as  was  also  the  cate  with  the  orfranisni  described  bv  Winoaradsky.     These 

mitssiw  of  /oiVgltea  olilained  ai  a  jinre  culture  fiyim  a  nilHfving  solution,  resemble 
tigiiificantly  the  aooglioa  iliwhargeil  in  considerable  quaiilitieK  from  the  filter-lankn 
Rt  Xjawrence,     .     ,  The  bacilli  stain  with  some  difficulty  with  the  usual  aniline 

dyes.      We  have  not  observeil  inde|ienilent  movement.     Owing  to  the  lack  of  the 

•AnnoliiiidDl'Inttltiil.  Putonr,  Tuni'i  iv.,  I'^lMt,  Nu  i,  p.  21:1:  Nu,  5,  p.  3.^7. 
13 
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nsuiil  means  of  iliogiKiMK,  it  !><  dilflcult  to  deterniine  in  a.  Hlii<i-i  liiiio  nlii^tlier  lliis 
HlJi?cips  is  Ihf  sanip  as  lln^  one  ilc^sc'iibed  Ijt  tlie  FjunkiaiidB  aiul  !iy  WinogrnilRkT. 
On  line  ini|)oi'tQiit  [loint  tlieie  uppeni-H  to  lje  ti  liiffeienot  ln'[tti-i'n  oni  H'-nlr»  uu>i 
lliusf  ieui'lii-(l  I'V  lliu  above-nieniioned  invfatiguloiii.  Tin-  i>1'(;uiil'-uj  ilisi-iiVeu-il  bv 
llmm  oiiiliKes  iiiiiiiLnuiii  to  iiitiilc,  Imt  raiTJes  il  iiu  IiiiiIum*.  One  own  flasks  )rive 
eonipk'te  nvJilal.i'iu  ti>  nitiiilo.  Wlifthi'i'  this  \m  iliU'  ti>  u,  iliffcjciice  iit  ('oiiJiliniiH, 
)L  iliH'eii.'ucf  iu  llici  vii'ilEty  of  tlio  DiguniHtnii,  lU'  n  spi'citiu  ilitfeifnce  in  tlie  luicteiia, 
ve  lire  not  at  present  pjepaieil  to  Nay,  'i'lie  hIioiC  time  at  t>nr  di^tpoRnl  Iioh  ninde  it 
inipoHMililo  Ut  settle  this  mill  uiiinj  oilier  quest itiiis  to  iinr  imri  Rniisfiietiou,  We  we 
not  t>ven  preiwired  1f>  sny  tbut  tlieie  nmy  not  liiive  been  a  iiii\liirc?  of  two  or  inoi« 
Hpedes  in  our  fluaks,  nil  agreeiiigelosely  in  nniiiiliologiciil  flmniftt-iB,  and  in  Ki^'ig 
no  i;rowl!i  on  gclnliii,  Imt  dilTcring  in  inipoilaiit  pliyniol(i|a;ieBl  i-espeets.  Fnrllier 
invesligation  is  ]iQi'i>sMiry  to  Ki'ttle  tliis  and  oilier  important  poiuls  lef^iling  the 
iflafiinis  of  tliis  oigftniMii  to  tlie  proeess  of  niliifieftlion. 

Wliellier  or  not  wo  iiccept  llie  views  of  Winoffindsky,  it  is  eerlainly  woHliy  nt 
rnniaiU,  as  lie  obswnvs,  tlittl  an  orgnnimu  slionld  e\isl,  wliieli,  witliont  cLIoropliyU 
and  in  the  apparent  absence  of  oi-^nnir:  nitrogen  and  of  nrganie  carboti,  shinild  lie 
able  to  multiply  and  llirive  ujion  nliolly  inorganic  eonipoundK,  It  muy  well  be 
doubted,  we  think,  wlietlier  this  is  really  the  ease.  It  seenis  more  ri'aflonsble  lo 
suppose  tliftt  exceediiiRly  miiinte  (piantitiea  of  orRanio  nitrogen  and  carbon  are 
actnally  present,  and  eseape  detection  by  our  pieseid  methodB  of  chemical  aiialysifl, 
altbough  in  reality  suHieient  to  nonrisli  meliorations  of  liHcteina. 

Onr  own  expei-ienee,  as  well  as  that  of  previous  iuvesligatorx,  sesius  to  be  a  naiii- 
ing  aguiiiHt  a  too  contiding  use  of  the  Keliitin  plate-culture  in  imeteiiiilogical  work, 
since  iu  this  instance  biicIi  contideneu  has  K'ft  us  for  a  long  time  in  ignoiitnec  of  a 
common  and  widespread  an  well  oh  liiglily  important  organism. 


IJlRAHPEAllANCE   OF  A   PoRTIO\   OF  THE  NlTROGEN. 

Iu  the  p  lactic  111  working  <if  iutermitteut  Kimd-tilterH  nt  Lawrence,  it 
lias  beeu  found  (1)  tlmt  during  tlie  first  few  weeks  of  service  much  lees 
Jiitrogeii  ciiiuo  awuy  in  the  effluents  thau  wan  applied  iu  tiie  sewage; 
(2)  that  nitritieatiou  is  usiuiUy  suniewhat  luurti  aetive  in  the  spring 
iUiil  oarly  suiumer  than  at  any  other  season,  there  being  at  this  time 
freqnently  an  flxoeas  of  nitrogen  in  t\ni  effluent  nvi-r  that  applied  in 
the  sewage,  caused  liy  tha  osidati'in  of  otj,'anie  mattir  stored  in  the 
filter ;  (3)  that  as  a  whole  less  nitrogen  flows  away  in  t!io  effluent 
than  is  applied  in  the  sewage.  The  llejjoi-t  of  the  Massachusetts 
State  Board  of  Health  for  18111  stat<'s  tlmt  Filter  >'n.  1  stored  Cftwu 
jier  cent,  of  the  nitrogen  applied  in  four  years  of  s^Tvice,  aud 
other  filters  eveu  more.  The  storagr.i  of  nitrogen  seenis  to  decrease 
from  year  to  year,  hut  the  ohsenations  have  not  been  sufficiently  ei- 
triided  tn  determine  whether  the  storage  would  cease  before  the  tilt^r 
became  too  much  clogged  for  use.  The  experimental  sand-lilters  at 
Ijanrence  possess  the  power  of  self-cleansing  and  continue  to  lU't  efli- 
ciently  for  a  long  time,  but  to  obtiifn  tluT  best  results  it  is  pri)bal>]i* 
that  the  surfaces  of  sTich  fillers  niinire  raking  over  at  convenient  in- 
tervals, while  after  two  or  three  years,  at  Ica.-it.  the  top  portion  of  th» 
sand  shonhl  probably  Lie  removed.*  AVith  ample  filtering  areaii,  th« 
be«ls  may  be  given  a  long  rest,  instead  of  removing  the  sand. 

*  For  «xCcnite<1  ^^uhmmoii  of  thU  pdlnt  <K-e  CKA]tli'r  XIV. 
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Practical  Experiments. 


In  the  course  of  the  work  nt  Liiwreuco  a  number  of  experiments 
vt-tv  made  in  regaril  tu  the  effect  of  differeiit  sulistiint-es  upon  nitrifi- 
cation.    The  folluwiufj  is  a  brief  accniiiit  of  the  more  imiiortaiit : 

(1.)  In  April,  May,  ami  Jime,  1889,  instead  of  sewage,  there  was  aji- 
plied  diiily  to  Tank  No.  12  (one  of  the  sniidl  tanks)  Ij  ^ulloim  of  water, 
to  which  liad  lieen  added  enougli  hiiked  and  pulverized  ogg  albumin 

I  to  make  2.8  parts  of  nitrogen  per  100,000.     Tlie  firet  application  of  this 
inisture  was  made  April  18th. 
Kgg  albuiniii  i«  nearly  iiisobible  in  water,  and  the  objeet  of  this  ex- 
periment was  L-hietly  to  d'-termine  to  what  esti'nt  it  would  be  rendered 
floluble  and  converted  into  frm!  animonia,  or  carried  another  step  aiul 
become  nitrified,  in  passing  through  the  filter.     The  experiment  wa* 
Jinterrupted  before   eonipletioii,    and  tlie  results    in    consetpieiu-e  are 
ftomcwiiat    uncertain.      The    indications    are,  however,  that    alxiut  61 
Hr  cent,  of  the  total  nitrogen  contained  in  the  allmmin  applied  was 
endered  soluble  and  converted  into  nitrates.     There  are  no  means 
of  determining  how  much   of  the  insoluble  nitrogi'nous  matter  woa 
tared  in  the  sand,  though  comparing  with  results  obtained  with  sew- 
JBge,  it  appears  probable  that  but  little  was  stored. 

This  experiment  was  repeated  from  July  10  to  August  7,  1889,  when 
there  was  ajiplied  throe  gallons  of  water  per  day,  containing  baked 
lind  pulverized  blood  albumin  sufficient  to  supply  1.04  part  of  nitro- 
Igen  per  100,000.  Tliis  experiment  was  also  somewhat  uncertain  hh  to 
the  itctual  results  obtained,  though  the  iudicatiims  are  that  about 
9(1  per  cent,  of  the  total  nitiogen  of  the  mixture  appeared  as  nitrates 
in  the  effluent. 

(2.)  AVe  have    already   referred,   in  Obnpter  I.,  to    the   experiments 
ipon  the  jiassnge  of  flnci7/ii«  j-ruiliijii'inis  through  the  sand-tilters,  and 
*e  will  now  describe  some  further  phenomena  developed  by  that  ex- 
fjierimeiit, 

Li  order  to  apply  Bacillua  pfixiigioxiis  a  litre  of  bouillon,  containing  a 
pure  culture  of  many  millions,  was  mixed  with  water  and  applied  to 
ffilter  No.  12  on  the  morning  of  August  7,  1889,     On  the  morning  of 
August  8tb  the  number  of  bacteria  found  in  tho  effluent  was  00  [ler 
cnltie  centimi'tre.     At  1  p.m.  of  the  same  day  the  number  was  18, 4'10; 
Itwo  hours  later  the  number  was  158,000  ;  at  5  p.m.  the  number  had  in- 
Brensed  to  81,700 ;  and  at  9  v.m.  the  count  gave  108,100.    On  August  9th 
[the  nnmbcr  of  bacteria  was  hii;h  in  the  forenoim.  reaching  12.004  at 
I  miiiii,  and  decresaitig  to  41)4  at  nine  in  the  evening.     At  9  p.m.  on  Au- 
gust 10th  the  number  was  3,  and  three  counts  on  August  11th  aver- 
<  Ag'll  4. 
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We  have  here  a  large  increase  in  the  amount  of  the  food  materii 

HilfU'd  to  the  tank,  folUiweil  Ijy,  ii|ijuiri'utly,  a  gT.-eiit  increase  in  the 
uiiTubor  of  bacteriii  in  thi'  tiiiik,  an  iuiliwiled  by  the  iucreiise  of  numlier 
in  the  effluent.     The  time,  however,  of  sut'h  increase  was  quite  short,  us 
the  effect  of  aih!in<r  the  estra  foocl  material  appears  to  have  spent  i 
tielf  on  Aiigurit  lOtli. 

The  houiUon  employed  iu  thin  exjieriment  consisted  of  beef-tea 
vifhi'd  with  in.']itone,  ii«  imhinirily  prcjiared  for  a  eultiiri'-meiliura  by 
Iiiuitt'riolug'iMt.s.     Pi'ptone,  thu  priiu'ijial   iintritive  constituent,  is  sol- 
iil.>le  and  therefore  specially  avnilable  as  bacterial  food.     It  is  proba- 
bly superior  in    imlriejit   value  to  moat  of  the    substanu'es  found 
sewage. 

On  September  20,  ISS'J,  the  siime  ipniutity  of  bouillon,  as  previously 
nsed  on  August  7th,  was  again  applied.     'J'he  bouillon  of  this  seco 
i.'KperirQeut  was  of  the  same  quality  as  that  used  on  August  7th,  esce 
that  it  w;iH  stii'vilized  so  Unit  it  contained  no  baeterin.     On  Heptem 
IHth.  li)th  and  20tb.  bi'fore  applying'  tlie  bouillon,  the  jivi-rajfc  nnml 
■of  bacteria  in  the  efHnent  was  199 ;  on  the  morning  of  September  '2 
the  nund)er  was  found  to  be  54.fi00;  at  1.55  P.M.  of  the  same  day  the 
number  connted  was  5?,60l! ;  at  !)  r.M.  it  was  26,400.     The  Kreatest  nn 
l>er  on  September  23d  was  4,485.     On  September  26th  the  number 
the  time  of  greatest  flow  was  1,820 :  on  October  2d  the  numlier  at  ti 
same  time  was  T3G. 

In  addition  to  the  esperimeuts  with  bouillon  and  peptone  mixturi' 
just  described,  exiiennients  had  also  been  previously  made  in  the 
month  of  March,  188H,by  tlieapplieatiuu  of  a  solution  of  peptone  alone 
to  Tank  Nn.  11.  The  results  were  essentially  the  same  as  those  found 
later  with  Tank  Ko.  12.  In  every  ease  the  application  of  the  nutii 
mixture  was  fii-st  followed  by  a  considerable  increase  in  the  number 
bacteria  appearing  iu  the  effluent,  followed  later  by  a  decrease  in 
bacteria  in  tbeefflueut  with  increased  nitriticatiou. 

The  etTect  of  applying  a  nutiieut  mixture  to  nn  intciTaittent  filter 
siimraarized  in  the  Special  Report  (page  SflH)  as  follows : 


1 


Atfli-st  l.iiera  iuMi  inn  tensed  iliRcliarRe  of  bacteria  Btitliin  incomplete  oiidatioti, 
tliiH  roTiilitiflii  ^miiaitllv  cLiirgPs  t<i  one  oC  nlmosl  coniplete  o:iiiiulien,  niii]  tbv  ilis- 
i-liarp'  I'f  verv  (ow,  if  any,  ImcteHft.  Tbis  spwh  of  events  njiiieiirs  lo  ho  dne  tn  tlie 
leiiii>omi-y  (ivur-fePiJiuR  of  fiie  Alter,  nnd  cnnscquent  incrf-n.^o  of  (be  bacteiin.  fol- 
lowed by  a  new  1>ikliin<^e  nf  Kap[il_v  and  detiiund.  It  follows  bUo  Itiat  jie]ituiiB 
readily  and  completciy  osiiiized  bj  miuro-ovganisais. 


(3.)  FilterTank  No,  13  received  sewage  for  nearlya  year  previous 
Jamiary  14,  IRSft,  at  the  late  of  fiO.OOO  gallons  per  acre  per  day.     B~ 
ginning  on  that  date,  at  which  time  the  tank  was  yiving  a  perfecll^ 
nitrified  effluent,  a  solution  of  animoninni  chloride  iu  water,  rontaini 
1  part  ammonia  per  100,000,  was  substituted  for  the  sewage.     Enou 
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sodium  carliouate  was  mixed  with  tliis  aoliition  to  romlniif  with  tUe 
cliloriue  of  tiie  ammoiiiuin  chloride,  ami  also  with  the  nitric  acid  equiv- 
alent to  thii  jtiuTLouia.  Nitrificiitioii  w;ls  (.■uiiiplete  from  the  first,  the 
tiHiteiit  btiiiig'  nut  only  almost  free  from  ;immouiii,  but  coiitiiiii ills'  "early 
all  of  the  iiitrogfu  iippliiHl  as  nitrates, 

The  Htrcmrth  of  the  solution  was  iucroaseil  from  time  to  time,  until 
on  Ajiril  '22d  it  contained  34  )»arts  por  lOD.OOU  of  ammonia. 

After  increasinfr  the  amount  applied  complete  nitritii-ation  was  not 
at  oui'e  obtainud.  but  the  etHneut  contained  ammonia  and  nitrites. 
Later  the  amiuoiiia  disappeared  from  the  effluent,  to  be  followed  by  the 
nitntes.  while  increased  devi?lopinent  of  the  nitrates  went  on,  until 
finally  a  nearly  (.'omplete  nitritiiration  was  obtained. 

The  effeet  of  an  oxeewM  and  deficiency  of  alkali  was  also  experimented 
npim  with  Tank  No.  13.  From  -Tuly  2  to  August  5.  lS8i),  the  propor- 
tionate parts  of  the  mixture  added  to  th  Ik  tank  was-I  ammonium  chloride 
to  5  of  sodium  carbonate.  Tliin  j.'ave  soilinm  carlionate  in  exceee  of 
the  amount  required  to  neutralize  the  ammonium  chloridf;.  Nitrifica- 
tion was  not  in  the  least  i)iterfered  witli.  The  excess  of  sodium  car- 
bonate passed  lliroHfrh  without  ehaufrc.  with  no  other  result  than  to 
increase  the  idkalinity  of  the  effluent. 

Beginnin<r  October  8th,  the  proportion  added  was  4  of  ammouium 
chloride  to  3  of  sodium  carbonate,  in  which  there  was  a  deficiency  of 
alkali.  The  result  was  an  almost  total  stopjia^je  of  nitrification,  which, 
however,  after  a  time  bepan  a^ain.  but  ilid  not  become  complete. 

An  unespei'ted  result  of  the  experiment  with  deficiency  of  alkali, 
was  the  production  of  an  enornions  tpnintity  iit  nitrites. 

it  appears,  then,  from  these  experiments  that  an  excess  of  alkali  is 
without  effect  upon  nitritieation,  but  on  the  other  hand,  with  an  insuffi- 
cient quantity  nitrifii'ation  is  incomplete,  the  effluent  containing  ammo- 
nia and  nitrites,  the  latter  often  in  larg-e  quantities. 

(1.)  The  eifeet  of  jK-id  upon  nitrification  was  exijerimented  upim  with 
Tank  15  A,  which  is  one  of  the  snuill  tanks,  tilled  with  very  coarse 
gravel,  the  stones  ransinir  between  ^  and  Ij  inch  in  diameter.  Before 
plaeinK  in  the  tank  the  jjravel  was  carefully  washed  in  order  to  remove 
any  sand,  earth,  or  organic  matter  which  might  otherwise  remain  at- 
tiiched  to  the  stories,  Tlie  empty  space  in  this  tank  amounted  to  about 
37  per  cent,  of  the  whole.  In  October,  1889,  this  tank  was  puri- 
fying sewaf^  at  the  rate  of  20,000  g-allons  per  day  with  fair  nitrifi- 
cation. BetrinniufT  Octol>er  2ad,  sulphuric  acid  was  added  to  the 
sowiLge,  in  quantity  equal  to  22. .')4  parts  per  100,000  of  sulphuric  aeiil 
in  the  solution.  The  result  of  this  treatment  was  a  i^reat  increase  of 
free  ammonia,  with  finetuation  of  the  albuminoid  ammonia  and 
decrease  of  nitrates;  il  the  effluent.  The  treatment  was  continued  for 
fiuir  montJis,  dnriu^^  all  of  which  time  some  nitrification  continued, 
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altiioufjli  jrradiiiilly  ileL-reitsmg  iu  nmonut.     Summarizing  the  result  of 
this  esperimeut,  Mr.  Mills  says  (Hpecial  IJeiiort,  page  663) : 

Wt>  li^ain  trout  thi^  i!^|)ei'i incut  tliul  newa^e  i:i>[i1nimiig  a  large  )>ei'CPDUige  nf 
suijilmi  ii'  afiil  may  liuve  a,  large  part  uf  its  orgaaic  luuiter  removed  liy  ititormitteut 
lilllMtioli  (or  it  culisidefnblc  lime ;  so  tliat  we  mny  nut  i^\pect  an  mifnvuruble  I'pstllt 
if  seH-ase  liaviiig  an  excess  of  acid  In;  oi-fuskumllv  Apjilied  to  a  filtration  areu ;  Init, 
if  it  is  constnntly  liiijJieil,  it  should  1«J  neiui»iiiwd  by  lime  or  some  alkali. 


The  <?ffe(^t  uf  iisiiif^  limnstonH  to  c'ijuiitera,i't  tlie  auiility  uf  the  Bt-wn^t! 
wtis  sulisequently  fitrtlicr  espurimeuteil  iipuii  iu  Filk-f  No.  17  A,  in 
wliifli  ji  little  limestone  was  mixed  with  the  upper  layers  of  the  filter- 
ing mitti'dal,  ami  Hti'oiig  lyu  ami  Sfwage  appliod  for  over  a  yoar.  The 
eflliit'iit  shuwuil  n.'siilts  cuniparaWIe  "'itli  tliow  from  normal  wewage 
tilteri-il,  mitk-r  similar  fomlitioiis.  thronj^h  kuhI  without  limestoue. 

(5.)  The  effect  of  saltpetre  upon  nitrilicutiou  was  also  t-siH-ri meiiteil 
with  in  Tank  No.  15  A,  The  result  was  that  when  saltpetre  was  ilis- 
solveil  ill  tlie  sewage  to  the  amount  of  7:i  parts  of  nitivgen  per  100,0011. 
the  quantity  of  nitrates  in  the  ctHnent  inereaseil  from  2.01  parts  per 
100,000  two  (lays  before  the  saltpetre  was  applied,  to  64  parts  per 
100,000  four  days  after  the  application.  The  Balt|ietro  wan  diacoii 
tinned  after  five  days,  and  in  twelve  day.s  from  the  fii'st  applieation 
the  nitrates  had  fallen  to  15  parts  per  100,000. 

(6.)  Experiments  were  made  as  to  the  eti'eet  of  roinmon  salt  upon 
nitritieation  in  Tank  No.  11,  whieh,  as  already  stated,  had  lieen  nsed 
for  tlie  <-xporim<'uts  with  the  ))e]itoue  solution.  Beginning  July  2, 
188S1,  a  solution  of  ammonium  ehloride  with  a  suitable  amount  of 
sodium  cailnmate  in  water  was  applied  to  this  tank,  the  solution  con- 
taining 2  parts  of  nitrogen  per  100,000.  At  the  end  <•{  n  month  the  ef- 
fluent contained  nearly  all  the  nitrogen  applied.  On  August  8tli,  eoin- 
mon  salt  was  added  in  such  qnantity  that  the  eharge  eimtained  1,200 
parts  fif  ehlorine  jier  100,000.  Nilrificalion  wan-  ehi'i'ked  and  the 
Holution  passed  through  the  filter  aliuoit  uiiehanged.  August  27tli,  th'- 
ailditioQ  of  salt  was  suspended,  the  charge  from  that  time  until  Sep- 
tember 9th  being  the  same  as  previuus  to  the  addition  of  the  salt.  On 
Septemberflth  nitrifieation  was  again  eoniplete.  Salt  wasagain  added, 
but  in  much  smaller  quantities  than  before;  sneh  addition  lieing 
followed  by  a  decreaw  of  the  nitrates  in  ten  days  from  'i.OS  parts  per 
100,000  to  0.15  itart.  Upon  continuing  the  same  solution  eiglit  dayH 
longer  the  nitrates  increased  1.34  part  per  100.000.  The  chlorine  lit 
this  time  was  127.1  parts. 

The  quantity  of  salt  in  the  daily  application  was  then  increased  for 

three  weeks,  until  Ihe  ehlorine  amounted  to  3(17,0  (larts:  during  thin 

iime  the  nitrates  decreased  to  0.2  part:    upon  again  gradually   in- 

m-afting  the  quimtit.y  of  salt  the  nitrates  also  increased.     On  December 
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14th  rb'ioriup  reudiKd  1,306.0  piirts  tuid  the  nitrates  were  1.0  part  per 

100,OOlt. 

In  rey^iirtl  to  tlie  priictical  Tjeariugrs  of  this  experiment  Mr.  Mills  aiiyK  : 

By  grailuiilly  iiicreosiug  the  aimnint  of  salt  iu  llii!  Kolntion  to  a  little  more  Ibiiu 
was  n[>)>lu>il  in  Angiist  at  ooue,  without  time  for  a  giitihial  adaptation  of  tb>?  filter 
Iu  the  novk  required  of  it,  we  fiiiil  a  vei-y  iliffereMt  rennlt.  Iti  August  the  same 
quantity  of  salt  caused  nitrilicalioii  to  (^euse,  and  allowed  the  ammonia  to  come 
tlirough  the  lilter  nearly  iniidiaiij,'ec!.  Bv  tb«  gmdunl  a]ijilicatioiL  of  the  ualt  in  iu- 
freasiu);  quantities,  we  now  lind  that,  when  tlie  same  (tuaiitily  in  njipliod,  the  am- 
monias iwe  reduced  to  about  1'2  per  cent,  of  those  wliich  cume  thiougb  iu  Auffust ; 
and  the  uitrates.  Hbieh  were  zeio,  are  now  eijual  lo  one  pait  jier  UXJ.OOll.  From 
thia  we  see  that  by  propm-jy  pre]ianiig  the  filt-er,  a  solution  of  ammonia  may  lie 
quite  snlisfactcnily  {inriHed  by  nitriliealion,  even  when  it  in  an  salt  as  ordinary  aea- 
waier.  U|)ou  rapidly  increaRing  the  amount  of  hhIi,  from  Dceewber  14.  IHH^,  to  Jan- 
uary 8, 18!)U,  to  about  four  times  that  which  it  containeil  on  Ueeembev  14t!i,  so  that  it 
was  nearly  three  times  an  salt  as  ordJTiary  sea-water,  the  nitrates  were  verv  much 
reduced.  Obhiincd  in  the  usual  way  they  amounted  to  .(MKH)  part ;  but  it  is  to  be 
uoted  that  liie  meLhod  of  determiiiinf;  nitmles,  when  tlie  H<dutiou  cotitainii  theae 
very  large  amounts  of  salt,  gives  results  wliich  are  too  low.  From  these  re.sulls  we 
may  eonclude  tlinl  ijuite  saiisfuetory  nitriflcatioa  may  result  when  apidying  to  a 
tilt  raf  ion  area  Bewage  eontaiuing  a  very  large  amonnt  of  salt,  if  only  it  be  applied 
with  reasonable  regularity. 

(7.)  TLe  effei;t  of  sujifiir  npoij  iiitrifipiition  was  experimented  with  in 
Tank  No.  12,  whicii  hml  aim)  heeu  iiseil  for  Bltratiou  of  sewdge  iu  th« 
experiment  with  ejrfr-iilliiiMiiii  ami  water.  Besiniiiiifr  October  23, 1889, 
ami  fOiitiiiiiiii<r  to  Dei-emlier  8th,  three  STitllonM  of  eity  Wiiter  coiitiiiii- 
inn  ^ninuhited  siifjiir  equal  to  100  piuis  per  100,11011  of  tlie  aoliitioii 
were  applied  dnily.  The  renult  waH  that  nitiifieation  deereased  im- 
mediately. The  K'eiiter  pjivt  of  the  HUtrar  passed  throush  the  tauk  un- 
ohuuged  and  iu  si.-i  weeks'  time  the  efflueut  i-ontiiiueil  tlaree-fonrtlis  of 
the  applied  sujrar 

Ou  Deieml>er  !lth,  three  gallons  of  sewage  were  applied  daily,  with- 
out any  atiffar.  Xitrititiatiou  was  resumed  at  oiiee,  and  in  five  days' 
time  the  nitratos  amounted  to  0.22  part  Diiriiifj  this  period  the  tem- 
perature of  the  elHuent  varied  from  49°  to  40°  F.  Iu  twelve  dayH 
tlie  nitrates  amounted  to  0.86  part. 

Beijiunins  -fanuarv  1,  1H!I0.  sii^rar  was  appli-'d  to  the  sewafre  to  the 
amount  of  10  parts  in  100,000  ;  on  the  13th,  this  amount  was  iuereased 
to  20  parts,  Tlie  eflfect  was  to  slowly  reduce  the  amount  of  nitnites  in 
the  effluent  to  0.08  part  on  Jannnrv  Slwt,  without  any  inerease  of  ani- 
UKinias.  From  this  time  tht!  nitrates  inereaseil,  until  they  reached  1.1 
part  on  Fehniary  28tli.  the  effluent  then  contained  lesa  than  oue  per 
i-eiit.  of  the  amonnt  i>f  sufjar  iippli-^d,  while  in  November  and  the  early 
part  of  DeeeraVier,  from  oue-tliird  to  three-fimrths  of  the  amouiit 
Applied  passed  throurrh. 

From  this  experiment  it  appears  that  a  considerable  quantity  of 
BUsar,  when  first  applied  to  inteimitteut  sand  filters,  will  cause  it  de- 
crease of  nitrification  without  increase  of  ammonias.     If,  however,  suuh 
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a  filter  can  be  gradually  adapted  to  the  special  work  of  nitrifying- 
sugar,  the  nitrates  are  formed  abont  as  completely  as  when  sngar  ia 
absent. 

In  the  special  case  under  cuusi deration  after  the  adaptation  of  the 
&lt«r  to  the  work  daring  the  low  temperature  of  winter,  a  satisfactory 
parification  wa-s  finally  .itlnined  of  60,00U  gallons  of  sewage  applied 
p  !T  acre  daily, 

(8.)  The  effet-t  of  an  amount  of  free  oxygen  upon  nitrification  was  also 
experimented  with  iu  Filter  Tiuik  Xo.  14.  which  was  a  small  tank  filled 
with  sand  of  the  same  quality  as  that  in  Tank  No.  1.  This  tank  had 
been  used,  previous  to  the  special  experiment,  for  sewage  filtration  in 
the  on.linary  way  for  ab<>ut  a  year. 

For  the  spei-ial  experiments  ou  the  effect  of  free  ox,vgen  npon  nitri- 
fication, the  tank  wa^i  fitted  with  »  trap  at  the  bottom,  and  a  corer  to  the 
top.  with  mercury  ^ejd,  which  made  it  air-tight.  A  pressure -gnage 
was  connected  with  a  small  faucet.  The  dtuly  application  of  sewage 
was  put  in  through  a  large  funnel,  with  a  stop-cock  to  prevent  the  ad- 
mii^ioQ  of  air,  jmd  a  perforated  plate  under  the  cover  distributed  the 
sewiig:e  ovt-r  the  surfitce.  The  trap  at  the  bottom  allowe^l  the  effluent 
to  fiow  away,  but  prevented  the  ingress  of  air  to  the  tank  with  ordi- 
nary jiressureis.  ^om  February'  2Ist  to  38th,  nine  |:allona  of  sewage 
were  applie>l  daily.  During  this  time  there  were  a  oumbi'r  of  leaks,  and 
there  must  have  been  a  g<xKl  supply  of  air.  Nitrification  was  nearly 
Btopp«Hl.  On  March  1st.  the  tank  was  shown,  by  tlie  prMBnre-gaagtv 
to  be  perfectly  tight.  The  same  daily  application  of  isewage  was  i-oa- 
tinued  and  iu  a  week  uitrificatiou  had  st<>p)>ed,  and  the  efflnent  flowed 
away  little  better  than  cnide  sewage.  (>d  H»r\-h  Itith,  the  cock  for  ad- 
mitting sewage  was  left  open  in  onler  to  ventilate  the  top  of  the  tank. 
The  effluent  still  remainetl  the  same,  ami  ihi  March  27tb  the  cover  waa 
taken  off.  This  still  did  turf  affonl  sufficient  air.  the  tank  having 
become  chaired  by  the  organic  matter  which  had  an-nmnlaled  during 
tho  time  when  the  air  was  excludexl.  Ou  April  Sd.  one-half  inch  of  the 
acmnmlatiitn  wa-s  rvmovn]  fmiu  th<' surface :  and  an  a.-^pir.itor  attached 
to  one  of  lite  side  fnucels,  iifar  the  Inittom.  Thvn^u)H<n  the  effloent 
rapidly  improvetl,  and  in  two  weeks  intrification  was  again  nearly  com- 
plete. During  April  and  the  fnlUiwing  months  a  nnmlxT  of  different 
ex]>eriment.-*  were  made  as  to  the  ell<vt -rf  free  oxygen  ii|m>u  nitrifica- 
tion with  this  tinik.  Tlii-  net  r><sull  of  the  whole  seriiv  ts  to  euforre  the 
pn>p<^ilion  that  nitriticalixn  ■'xmnot  take  place  in  ^^uid-fiHers  withoat 
the  nir  iu  the  spat-.^  of  the  fillei-  coniains  oxygen.  The  experimciDta 
■lao  show  that  a  small  amount  of  ow  t^'u,  iu  the  air  in  the  spaces  of 
the  filter,  is  nearly  as  effei-livf  as  a  luiver  qnantity.  protidn]  the  air  i* 
rfaangrd  often  emnigh  to  insure  the  prvweoee  of  sutme  oxygen  at  eTmr 
IKdnt. 
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Present  Theoiiy  ok  NmiiFiCATiON. 

We  have  Jiow  exhibited  some  of  tlif  more  iiittn'ostiiif^  points  in  con- 
nection with  iiitrificjitioE  in  its  appliciitiou  to  sewage  tlispoaal.  By 
wny  of  presenting-  tlie  |)rfi!H'nt  tln'oiy  in  a  c-oncisi;  tovm  it  niiiy  be 
Htateil  that  tlin  usecrtuined  fiii-ts  indiuitu  thut  nitrification  tak'-sjilat-o 
in  two  stages,  each  characterizeil  by  ii  distinct  organism.  The  oHIch 
of  one  of  these  is  to  oonvert  umunmiu  intu  nitrite  ;  while  the  ntlier 
converts  nitrite  into  nitrate,  wheuco  we  have  the  nitrons  and  nitric  ur- 
^anisni  or  fernieuta.*  Both  are  present  in  ordinary  soiln  in  enoriuoiiA 
numbers  ;  they  are  also  present  or  <piii-kly  develop  in  sewage,  which 
may  be  considered  a  nntrient  niediiiin  for  them  by  reasim  of  (.-ontain- 
ing'  a  large  amount  of  their  uiitnnti  nitrogenous  food. 

As  to  which  nrgaiiisTn  will  develop  in  any  particular  case  in  the 
preater  quantity  will  depend  upon  the  existence  of  a  number  of  special 
conditions,  some  of  which  are  not  yet  well  undei-stootl.  In  the  mejin- 
time  what  we  do  definitely  know  indicates  that  the  two  organisms  may 
be,  according  to  Warington,  separated  by  "  successive  cultivations  in 
solutions  of  special  composition  favoring  the  development  of  either." 
By  employing  a  solution  containing  potiuisiuiu  nitrate,  bat  no  am- 
tuonia,  we  may  obtain  the  nitric  organism  alone  ;  or  by  employing  an 
ammonium  carl>onate  sohition  a  fi'W  cultivations  give  ns  the  nitrous 
organisms  in  a  pure  state.  The  isignifii'ance  of  these  facts  in  iMhitiim 
to  sewage  purification  is  partially  exhibited  in  the  liawreoce  experi- 
ments already  given. 

DESmtlPICATION. 

Ve  have  seen  from  what  lias  preceded  that  soil  possesses  the  power 
of  nitrification  in  the  highest  degree.     Under  certain  circumstances, 
[liowever,  it  possesses  the  power  of  rapidly  destroying  nitrates,  and  as 
such  destruction  may  have  its  bearing  on  the  results  of  sewage  purifi- 
cation it  becomes  of  importance  to  understand  the  circumstances  un- 
der which  it  takes  place,  especially  in  view  of  the  fact  that  sewago 
itself  will  destroy  nitrates  in  waters  containing  them,  as  first  observed 
y  Dr.  Angus  Smith  in  18157.  wlict  also  pointed  out  that  the  nitrogen  of 
he  nitrate  was,  in  the  case  of  denilrification,  by  sewage,  evolved  as  gjis, 
tVe  have  then,  as  the  fii-st  coiiditi<m  for  denitrifieation,  the  presence  in 
olution  of  nitrates   together  with  osidizable   organic   matter.     The 
et  of  nitrification  is,  hnwevcr,  not  lost  when  denitrifieation   has 

'  For  jilmt'iKnipliiii  illiiBlnili'ins  ciF  l\f  nil.rciiia  unci  nilrio  orKini"'""  »ee  Rsporiiiient  Stntiiiti 
RillrtVn.  Xo,  H,  Lcctiip-fl  on  the  lf>vi-rl]'r(tinTi4  ut  Itothn'Ti^tod  Ex  fieri  rue  utaL  StHtuiii,  by  Kobcrt 
W»nn|(tcra.  P  R.S.,  aelivHnvl  Itcfo"'  ilii-  A-ni  uf  Am.  Ag.  CulleKB*  and  Et  i^tnliaoi  U  Wwh- 
inaton,  Aug,  |-,'-IH,  isfti,  Pint*-  VI  ,  VII.,  wiJ  VIII. 
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tnki?n  place  throufrli  tLe  action  of  orpfanic  mattei';  in  tliie  course  tlip 
oifTiiuic  tuattei:  iliaajnifurs  and  iiitntiratiou  a^ain  proceeds. 

Deiiitriiicatiou  is  not  in  luiy  sense  a  cliemiial  i-eiictiou  ;  on  the  vuti- 
ti-ary,  like  nitrititatiou,  it  can  onlj*  taie  plat-t;  in  tht;  jm-seuce  o(  a  liv- 
ing organism.  The  effects  of  mitro-orfninisms  npon  solutions  contain- 
ing a  nitrate  juid  organic  mutter  have  been  studied  1\v  a  number  of 
obseners  in  the  last  few  yeai-s.  The  result  is  the  determiuutiou  of 
from  20  to  30  species  of  batrteria  which  produce  some  kind  of  a  reduc- 
ing effeit,  although  only  two  sjiecios,  B<u:lerium  dtiiHrifii-nns  a  and  & 
have  U-en  found  to  itrtaiuly  possess  the  property  of  i-educing  uitratm 
to  nitrogen  gns.  The  most  common  form  of  reduction  is  from  nitrntett 
to  nitrites. 

Denitrideution  may  ahiU  be  made  to  take  plac«  by  the  simple  pro- 
cess of  excluding  oxygen,  as,  for  instance,  by  saturating  a  soil  with 
■water. 

Tu  the  foregoing  we  liuvu  set  forth  some  of  the  more  important  facts 
relating  to  the  subject  of  iiitrificiitiou.  In  the  chapter  on  Intermit- 
tent Filtratiou  the  uecessiu-y  conditions  for  uitridcation  in  its  applica- 
tion tu  sewage  purification  are  more  fully  discussed.* 

*  In  ^UtUon  \o  iht  pApct*  citc<l  in  the  ckimp(«r.  ihv  futUiwing  pb1t&]  liat  of  ~^  RoUMmMod" 
[■{■■n  UQ  idteiScaUoii  Biid  slLiRl  ■ub)rcu,  lu  it^-tra  bf  He.  'WuiDglon  IB  hin  WwituiictaB  bcnuM, 
lite.  <ifL,  mAT  be  oofuolUd ; 

On  NibifiMlion  ~Unr.  r\,m.  Soc.,  1S78,  «. 

On  Xitritialion,  r*rl  II.— Traiu.  ('Ann.  Sor.,  ISTD,  GO. 

Itn  A)t*nli>ini  in  tlin  mipait:<B  iif  tbc  NiUic  Pcnnnt  bj  CulttnXiaa.— ffi^wW  ItrUith  Aaa. 

rti»(»o«_(ur  (*(  .Mrvrtmritl  af  Krirtu-*.  1*.|.  503. 
Od  ltn>  DctrrmiBntiun  ut  Siuie  Aci)  hv  Uouu  uf  iM  Raaetion  vith  Fm«(w  SalU,  Put  L— 

IVniu.  Chrm   S*-.  liSSft,  «S;  Put  II..  ibid.,  !(«;.  MS, 
On  the  r)«*cniiiii»lion  of  Sitric  Acid  in  Suilt.— TraNJi  (%n».  Soe^  |i^Ma,351. 
DrioBiiniiiiiiiii  ><f  SLtruij<u  in  Uw  SuiU  of  tnme  of  ihg  EipchmmUl  Pi«lib  M  ItuUikuuttd. 

uiJ  tbc  IViiim^  at  Uw  RAnlto  uo  thr  QiiMtioii  of  tin  ^ou^^«>  uf  U)«  Ximcco  vt  imirmrB.— 

/irp»rt  .liurriraa  Jauiaf-un/ur  1A>  Atlrumtiatntl  i-f  Jicimrx,  IfSS. 
Npw  DfUniilnatina*  ot  Ammnnn.  ChlwiM.  u>d  Solfitiuni:  Aci<l  tn  Uw  Rua  Wktei  f^iHwlnl 

■I  lluliiiuii»*nl— Jo-r.  Oof.  Aj/r   Aft-..  ISta,  SIS, 
Thf  KiLmeni  •>  Xitrie  A«id  in  tiac  Suili  ud  Sqbaoilsof  nDeot  Uh  FivldaM  niillniiaiiJ 

Jnr  R..y    Ayr   S^..  li^K,  SI. 
On  Kitrifistii'd    Pul  Itl  — Irmm.  (Xiw.  fiar.,  I8H,  OR. 

On  tb>  AelMuof  Gnwim  in  tNuBotiac  Xili  ifiiKUtw,  -  rrnu  VlitUL.  St-.  1%E>,  n^ 
Ub  (DBX  ^liBte  in  Uw  Oani[>iwtiwi  of  Siut>,  « iih  Itianlt*  1IIihU»U^  lb*  Svbidv  of  tin  fki* 

tilllT  ttf  Mwtloba  Pnuri*  SoOi.  —  fniu  rJt™^  Aor.,  18^  S»a 
On  Uh>  UliliilHtlan  of  U»  MInfj  ib£  Otp>anm»  in  Um  Sott.—  Trwu   CI^k  SSk.  \SSi.  1I& 
ACWilnbiiliMl  tothe.'NtiKiy  iif  Wrli  WaUn  — IVau.  tWH.  *iw,.  IS8T,  EUl 
TV  ChjmJMl  A«lioM  ol  wnm  Micio-  timmliinni  —  rram.  (Ahh.  »W.,  tsSS.  ;?;. 
On  tlH>  PtmcU  Pwliua  of  Ibc  QhmhIhhi  of  \h»  Soarot*  ,4  t^  KMn^ra  of  V««*«mIdk,  «M 

•ODH  New  tUwlt*  >nit  rrtUniBHT  Xotis  of  Nf«  liinaa  of  lan*«ifktiaa  — AO.  IVu^  Ay.  ^ 

Tbv  HtMitT  •t  "  't*'^  Nc»l;  Ld*d  DawB   \a  tVr— wt  Oibm.— Ji<«r.    AWy     4«r.  Jto(, 

ISA 
1^  Abm"'  «f  Nitric  AcM  in  U»  Rain  Waht  •!  RatltMM*^  wiU  XoMi  oa  Uh  AaalTW  at 

0»  S.tiifi«l»n,  IW»  IV.-rr«-.  a-m.  aW,  18K.  w. 
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CH.VPTER  XT. 

CHEMICAL    PRECIPITATION. 

Definition  of  the  PBotiEss. 

If  we  refer  to  Table  No.  32,  on  page  162,  we  observe  that  a  portion 
of  the  organic  matter  of  sewage  is  in  snspeusiuu  only.  When  sewage 
is  allowed  to  etauil  for  a  few  hoiira  a  part  of  the  suspenileil  matter  will 
be  deposited  at  the  bottom,  through  the  action  of  aedi mentation ;  but 
such  action  in  urdiuarily  quite  re.strlcted  in  its  range  and  canuotbe 
relied  upon  by  itsHf  to  e&>fct  the  efficient  puritication  of  sewage.  If, 
however,  certain  chemicals  are  added  to  the  sewage,  an  insoluble  pre- 
cipitant in  formed,  which,  under  favorable  circumstances,  may  curry 
down  with  it  all  the  suspended  matter,  as  well  ns  a  portion  of  the  dia. 
solved  organic  matter.  The  addition  of  the  chemicals,  together  with 
ttie  working  of  the  various  appliances  for  grinding  and  mixing  of  the 
same,  the  deciiiitiug  of  the  effluent  and  the  caring  for  the  sludge,  all 
constitute  what  is  known  as  the  chemical  treatment  of  sewage,  tho 
complete  process  being,  in  reality,  partly  chemical  and  partly  me- 
chajiical. 

Keagentb. 

An  enormous  number  of  chemical  agents  have  been,  at  various  times, 
[proposed  for  this  purpose;  but  experience  has  apparently  narrowed 
the  really  useful  ones  down  to  three,  the  others  having  proven  either 
I  worthlens  or  too  expensive  for  general  use.     Those  chietty  used  tit  the 
I  present  time  are  lime,  sulphate  of  alumina,  and  ferrous  sulphate.   Fer- 
ric .aulphnte  has  also  been  expenmented  with  at  the  Lawrence  Experi- 
ment Station,  and  found  to  be.  in  certain  particulars,  supericir  to  the 
others;  but  as  yet  this  salt  has  not  been  extensively  used  in  actual 
practice.     The  chemical  reagents  are  used,  either  singly  or  iu  combi- 
kuation,  as  may  be  required  to  tit  the  case  of  each  particular  sewage 
imdergoiug  treatment. 


Theoby  of  Precipitation. 

The  action  of  these  various  substances  in  causing  a  precipitation  of 
[the  organic  matter  is  not  definitely  undei-stood,  though,  in  a  genei-al 
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«i^,  we  lUAy  say  thfd  the  previpitating  effect  is  exerted  in  aceordaiLce 
with  the  follou  iiif; : 

111  tbe  Gtse  of  lime  there  is  (1)  a  cumbiimtiou  of  some  of  the  lime  it-ith 
inw  nud  purtinlly  eombiiied  carboo  ilioxide  to  (onu  «ti  iiisoluble  cur- 
bocwto  of  lime :  and  (^}  there  is  probably  »  fnrther  iximbinntion  of  ami 
(uUlitioual  iiart  of  the  lime  with  a  portion  of  the  organic  mstterG  in 
soluli«ku.  TIio  iusolnble  sulist^Di-es  so  fonued  sink  to  the  bottom,  c^r- 
ryiit;;  with  tht'm  the  major  portion  of  the  sosj^ttiiidcd  matter  iu  the 
»i'«tvr»'  i»  tbo  foim  of  sluiljre. 

Sutphati'  of  aliiniiittt  vservitie^  m  pivcipitatiag'  effect  by  Tirttie  oS  (1> 
a  cumbiiMtioa  of  the  sulphoriu  acid  with  Ume  and  other  baaee  in  the 
•ttwage,  whilst  {i)  alnmina  hydntte,  fonung  a  fioocoleut  gireiripit 
Mitaugles  and  carries  down  the  stispeikled  ositamcmatter^    Mo«t  off 
recent  authorities  have  recomiueuded  a  ci>mbination  lime  and  solpli 
of  altimiiia  tn.<atiui<ut,   thv  proportion  in  which  ihey  are  na«I  to  be ' 
«tich  KA  to  yield  us  uearty  as  possible  a  ueatral  efflnent ;  we  shall  team, 
bowe\-er,  fxvuta  the  tv-solts  of  the  La«ivD(v  experiments  that  a  oonbi- 
nalioa  lime  and  sulphate  of  alumina  treatment  has  little  to  tvcouaiend  ■ 
it.    Theoretically  fnxiueut  tests  shoald  be  made  of  the  (quality  of  thftl 
sewiD^-  as  ilfliveretl  at  the  disposal  aorks,  and  the  chemical  tn^atment 
adaptovl  to  the  var>-inj;  eondttioiis  of  dt>w.     PracCiuUly.  also,  this  has  - 
betin  fuuDd  to  he  thi>  best  method  of  p<vcftlnn^,  and  at  Won'w4or  i 
teata  ar»  niado  aud  tht-  applicalivMi  of  the  chemicals  eaer^  in 
oordaaee  with  rv^ults  ihi'nx>f.  at  times  as  often  as  oace  vxery  half  bxmt.' 
An  estettdetl  Mxtiuut  of  such  l««tEi  is  giTra  in  C1iapt«ff  XXATL,  descsip- 
tive  of  the  AVorcesler  Dis}M>^  Wiwks,  to  which  the  nmiia  ia  nJmMl 
litf  further  iiifitraiali<i«a  on  this  |N>iuL 

When  itvm  swlte  air  aJiieil  to  sewa^  whkh  is  rttbvr  m»turai)y  alks-J 
Ktie  w  t<>  which  an  alkaU.  as  lime,  has  kwn  iititiMllj  add««l.  a  fluc«n»-' 
lent  hydmu^  oacMla  is  foaiacd  as  a  pnopilatetwiMlicatriK  down  with 
it  Mm  wiw|Mr4HUHl  i'w>ranic  matter,  as  «vU  as  a  pattiom  of  the  diarali 


TV»  cOM^tkua  which  iBMue  the  beet  nwilkafriMn  i 

lBa>'  be  state%t  as : 

tn  That  the  wvaKv  hr  trMletl  while  hveh. 

itt  That  (h*>  cheaunds  W  »,k)eti  |tv  the  Aoi 
i^utrhly  Mt\e\l  with  il  K-fvwe  it  petsM'^'  iiilL<  the 

(31  IVat  thew  W  a  lit<«^  amovat  W  taak  sfmer 

^A\  tVrt  the  axnui£e«*«-atM  Kw  vemo/rm^  t^  tIaJijf  he ' 
Mire  it^  fre«|Me«t  tvw^>\al.  Kw  il  Velt  in  thr  ta»k» 
ttthe  stw^  ia  UMy  W  twe  ks  the  ewlHHv  I 
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Classificatios  of  Cuhmual  Tukatmentw. 

Ijeaviiig  out  of  account  tlie  diflcryiit  iiietbutln  of  couibiuiiig  the  cbem- 
lieals  we  may  clasBify  ebemical  ti'critmeiits  us  fuUowa: 

(1)  lutermitteut  treiituieut  in  hIiuUuw  tuiiks  from  5  to  8  feet  ileep, 
11  which,  !i(ter  tho  iiihlitiou  mul  iiicorponitiou  of  the  chemicals,  the 
Bewaffc  ift  allowed  to  ruuiuin  undiHturheil  uutil  the  completion  of  the 
process. 

(2)  (.'imtiiHious  treatment  in  u  serii^s  of  tunks  through  which,  iift.-r 
le  luhlitiou  aud  incorporation  of  the  reagents,  the  sewage  is  allowed 

flow  slowly ;  crude  sewajje,  with  freshly  added  chemicals  passing  in 
at  one  end,  and  purified  effluent  passiucr  out  at  the  other. 

(3)  Vertical  tanks,  throug-h  which,  niter  the  atlditiou  of  the  chemi- 
3,  the  sewage  rieee  slowly. 


Il> 


'■'       ■■''■  ■-'  ' 


i'V'-."---:  "■■ 


Pir..  11— Fi.oATrao  Arm  W)R  Dkcantino  Efklukht  from  Tanks. 

There  are  a  uiimlier  of  variations  of  these  threi'  systemM,  but  none 
^^  them   are   imi>ortant  enough  tu  justify  further    subdivision   into 

^V   In  England,  where  chemical  tii'atment  waw  first  devehiped,  the  fvs- 

^Rems  of  inlermitt.-nt  and  continuous  treatmcnl  in  sliullow  tanks  are 

naed  exclusively.     Tanks  of  lioth  systems  possess  cei-tain  featui-cM  in 

comiii  in,  as,  for  instance,  such  arrangement  of  a  gang  of  tanks  uk  will 

admit  of  cutting  out  any  one  of    the  series  for  cleaning  and  repairs 

iithont  interfering  with  the  balance  of  the  gang. 


Capacity  of  Pbe(Jipit.\tios  Tanks. 


In  operating  precipitating  tanks  intermittently,  it  is  necessary  to' 
linerve  ci-rtain  principles,  namely,  the  amonnt  of  tankage  should  be 
sufficient  to  allow  the  sewage  to  stand  at  least  one  hour,  in  order  to 
iuiiure  fairly  thorouj^h  precipitation.  With  .-ionn'  treatments  the  time 
recjuiredfor  complete  precipitation  is  longer  than  one  hour;  hence  it  i» 
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desirable  before  deciding  in  any  given  case  the  umoimt  of  tank  c«- 
paiitv  to  ascertain  what  form  of  treatment  is  best  suited  to  the  piir- 
tiiiilar  sewage  in  hand.  The  Lawrence  experiments  ou  chemical 
purilivatiou  furuisb  u  large  amount  of  useful  information  ou  this 
point.  In  computing  the  total  tank  capacity  it  is  necessary  to  take 
into  account  the  time  required  for  tilliii!;.  precipitating, and  emptying,, 
the  maximum  How  of  sewage  to  be  exptited  being  takeu  as  tbe  basis 
of  the  computation.  This  portion  of  the  subject  still  lacks  scientific 
treatment,  uo  gooil  general izitt ion  of  the  relaliou  between  the  quantity 
of  sewage  tu  be  treated  and  amuuut  of  tank  capiunty  required  bavinff ' 
yet  appeai'ed. 

As  an  empirical  statement,  based  on  practice,  we  may  say  the  total 
tank  capacity  for  disposing  of  the  sewa>re,  from  systems  which  are 
an'anged  with  reference  to  receiving  a  portion  of  the  rainfall,  should 
be  nearly  50  per  cent,  of  the  average  daily  flow,  au  allowiuice  of  (bi^ 
amonut  giring  some  leeway  for  contiugencies  when  required.  For 
further  information  on  this  point  see  Chapter  Vll.,  on  ijuantity  of 
Sewage  autl  ^'ariations  of  the  Rate  of  Flow.  In  any  case,  it  ia  neces- 
sary to  provide  enough  tanks,  so  that  when  required  one  or  more 
may  be  out  of  service  for  cleaning  or  other  purposes,  without  crowd 
iug  tlie  precipitation  in  the  balance  of  the  tanks. 

Tablk  So.  43.  — Task  CAPAcrrv  ln  Rklation  to  Popdultiox  axd  Qcantitt  or 
Sbwagb  at  TautR  BxaLiBB  Towns. 
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^^Tien  tanks  are  operated  continuously  the  semge  should  be  thor- 
oujihly  scn»ened,  iu  oriler  to  intercept  any  large  utasea^  of  matter 
Iwfon-  passinir  into  the  tanks.  Tanks  operatetl  on  the  coutinnous 
principV  should  l>o  so  di'signed  as  to  reailily  ailmil  of  emptying  when- 
ever it  is  necessary  to  dcim  them,  or  to  remove  sludge. 


The  s>"*t»'m  of  vnrtickl  t«ikti  w»»  developed  in  Germany,  lud,  so  tax 
«a  tbe  anthorH  ure  awar<\  Uavi'  iievx-r  been  nsed  in  England  or  the  Tiii* 
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«i  states,  except  at  the  Chicago  ExpoHition,  where  this  form  of  tnuk 

las  been  adapted  for  the  sewage  puridcation  works.     They  preaeut 

the  theoretical  auonialy  of  coutiuuous  upward  movement  of  the  sew- 

ige  and  a  downward  movement  of  the  sludge.     They  are,  uevertheless, 

stated  to  produce  au  efficient  piiriticatiou.     It  in  fuiiiid  iu  practice  thnt 

^—th^re  is,  in  vertical  taukrt,  what  may  bo  termed  a  ueutral  plauo  of  pre- 

^Bpipitatiou.     Auy  organic  mutter  which  may  happeu  to  paes  above  this 

^■^De,  as  it  is  more  thoroughly  acted   upon   by  the  c-hcmicals,  slowly 

^|BBs  back  in  opposition  to  the  upward  current,  to  the  ueutral  plane. 

^K^he  docculeut  matter  collecting  there  forms  a  sort  of  fitteriug  medium, 

.   K-hich   assists  ia   arresting   other   matter   which  is  floating  upward. 

Wlien  n  considerable  masn  hn.s  collected    the  whole  finally  falls  to  the 

^■wttom,  juid  the  process  of  collection  at  the  neutral  plane  again  takes 

^^lace.     In  npnght  tanks  the  sludge  is  generally  withilrawn  from  the 

bottom,  without  iiiti^iferiug  witli  the  reguhir  operation  of  the  tanks;  iu 

BfTeutiug  this  a  number  of  devices  are  applied,  to  which  it  is  unnecos- 

to  refer  here.     Tanks  of  this  form  possess  the  merit  of  large  ca- 

pac^ity  on  small  ground  space,  and  may  be  of  use  in  localities  where 

lited  areas  only  are  available. 


Methods  of  Sliidge  DisroRAL. 

Practicable  methods  of  ilisposing  of  sludge  may  be  classified  as : 

(1)  The  sludge  may  be  allowed  to  flow  or  may  be  pumped  into 
ilndge  basias,  from  which    it  is  subsequently   conveyed,  either   by 

gravity  or  steam  power,  to  adjacent  areas,  to  be  utilized  as  an  agricult- 
ural fertilizer. 

(2)  The  sludge  may  be  deposited  in  large  open  basins,  surrounded 
ly  embankments,  where  it  is  allowed  to  remaiii  until  the  larger  por- 
tion of  the  water  has  evaporated  or  drained  away,  after  which  it  is  re- 

oved  by  carts  or  other  conveyance,  either  for  use  as  a  fertilizer,  or  to 
me  other  point  for  final  disposal,  as  in  filHug  in  low  himl. 
{.1)  I.ifpiid  sludge  may  be  run  directly  on  to  agricultural  areas,  and 
ifficiently  disposed  of  by  ploughing  into  the  soil  as  soon  aa  possible. 

(4)  Sludge,  either  in  the  liquid  state  or  after  partial  desiccation,  may 
e  mixed  with  combustibles,  such  as  peat,  tanbai-k,  and  sawdust,  and 
isposed  of  by  burning. 

(5)  Sludge  may  be  mixed  with  earth,  rubbish,  vegetable  mold,  marl. 
'VpHuni,  stable  manure,  leaves,  or  other  suitable  materials,  to  form 

compost  heaps,  and  in  this  manner  finally  utilized  as  manure. 

(0)  Liquid  sludge  miiy.  when  disp[)siil  works  are  situated  within 
iwh  of  a  large  and  deep  body  of  water  (and  for  this  purpose  tide, 
ater  is  preferable),  be  disjtosed  of  by  running  ioto  dumping  scows 
hieh    convey    it    to  deep    water    where  it  may  be    dumped.     The 
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minimum  ilistante  at  whicli  thi.s  uperatiou  may  be  safely  performed  i 
large  buUiea  of  fresh  water,  like  the  great  lakes,  which  are  also  the 
Bource  of  publio  wnter  supplies,  in  as  yet  entirely  mikiiowiL 

(7)  Sludge  may  hv  burned  in  a  furuace  oi  form  similar  to  a  garbage 
destructor,  or  iu  a  garbage  destructor  in  connectiou  with  garbage,  as  at 
Coney  Island,  X.  Y. 

(8)  Sludge  may  he  compressed  by  a  filter  press  into  solid  cakes,  in 
■which  form  it  may  be  bauiUed  and  conveniently  transported  for  use  as 
a  fertilizer. 

The  usf  of  the  filter  press  has  considerably  simplified  the  handling 
of  sludge,  which,  previous  to  its  introduction,  was  a  source  of  great 
difficulty  at  nearly  all  precipitation  works.  At  present  filter  presses 
are  in  use  at  ouly  two  places  iu  this  country,  namely,  at  East  Orange 
aud  at  Long  Branch.*  For  a  statement  of  some  of  the  results  at  East 
Orange,  the  render  is  referred  to  Chapter  XXIV.,  treating  of  the  works 
at  tliiit  plac^.f 

Slndge,  as  it  ordinarily  comes  from  settling  tanks,  operated  by 
either  the  intermittent  or  continuous  system,  contains  from  'JO  to  95 
percent,  water  and  fiom  5  to  10  per  cent,  solid  matter.  In  upright  tanks, 
from  which  the  sludge  is  removed  by  pumping  without  interfering 
with  the  operation  of  the  tanks,  a  sludge  may  be  obtained  with  only 
70  to  90  per  cent,  of  water. 

Mfrraons  of  Mixing  Chemicaia. 

Tarious  methods  of  mixing  the  chemicals  with  the  sewage  ate 
resorted  to.  When  sewage  is  delivered  to  pniitication  works  by  grav- 
ity, a  salmon  way,  formed  by  placing  batflti  boaixls  in  the  conduit,  IsB 
convenient  way  of  obtaining  a  thorough  mixing.  When  this  device  is 
employed,  the  chemicals,  after  being  tirst  thoroughly  ground  and 
milled  with  water,  or  othenvise  i>repared  in  speciid  small  tanks,  are 
added  to  the  flowing  sewage  just  i>efore  it  reaches  the  salmon  way. 
This  method  of  mixing  the  chemicals  with  the  sewage  is  illustrated  in 
the  plans  of  the  works  at  Worcester  and  East  Orange,  iu  Part  IL  _ 

*  Sinoc  the  kbava  **•  written  ■  flltcr  pnai  hu  been  put  in  operation  at  Cuaton.  O,  ^^H 

t  For  deUnpd  information  in  regard  to  Oiiponl  of  sludge  bj  the  atf  of  filter  preuM,  dSP 


(1 )  On  th?  Ditpoul  of  Sewage  Slodjta.  By  Chriitopber  Clarke  H'ltohuuna.  Joor,  SocL  ObtM. 
Imiriitrr.  Feb  4. 18S4, 

|3'  0«mi>o>itiDti  and  Mannrlal  Valne  nf  Piller  Pnmed  Sludge.  By  J.  H.  B.  Uimm  Jow. 
Soc.  Chstti.  !niiii*trv,  JanW.  1SS5. 

[Ki  Pappr.  on  Di-i-n*!  of  Scwajco  Slti-ii^.  By  J.  W.  Dibdia  md  W.  Santo  Crimp.  TiMB. 
In*l.  C.  E..  'ol.  intriii..  Sea.  IS-HMS.^:.  Part  H. 

(4)  Sewage  Di>i<oal  Wnrk",  rrinip,  CliapliT  yill. 

(A)  Sewagr  Treatiosni  and  Slndge  Diapiml.  By  W.  Santo  Crimp,  Bng,  and  Btdfr  BoBil.  >ol- 
utH.,  pp.  3a7-83S;  pp.  S56-567;  pp  ST-aTS  (Feb,  ]»  and  35,  aud  Mw.  ■*,  1808);  «lw  (fe 
■traatediD  Bng.  Newa,  *aL  nix.,  pp.  lW-8.     (Harab  3,  ISBS), 
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A  pump  may  stlso  lie  iiiaile  to  ilu  the  work  uf  mixing  wlien  re- 
quired ill  liftiiiy  tbt.-  sewage  for  treiituioiit.  This  nifthuii  is  illustrated 
iu  the  plans  of  the  Mystic  Valley  Worke,  in  Part  11.  Misiuy  wheels, 
driven  either  by  the  tiowing  sewage  or  by  independent  power,  may  alao 
be  used. 

The  Mabisachijsettb  Expeeiments  on  Chemical  PnupicATios. 

Oar  Keitautilie  knowledge  of  the  eheinical  piuitiL-atiou  of  sewage  hat) 
been  largely  extended  by  a  series  of  experiments  made  by  Mr,  Allen 
Hazeu,  chemist  in  charge  at  the  Lawrence  Kxperimeiit  Station,  during 
the  year  18SD,  Tiie  preeipitants  experimented  with  were  lime,  aiil- 
pbate  of  alnniinit,  ferrous  sulphate  or  coppera«,  and  ferric  sulphate. 


CoHT  OF  Chemicals. 

Mr,  Hazeu  states  that  lime,  containing  70  per  cent,  available  calcium 
oxide,  can  be  bought  (presumably  at  Lawrence)  for  I'J  per  net  ton, 
ferrous  sulphate  or  copperas,  containing  26  per  cent,  ferrous  oxide,  at 
$10  per  net  ton ;  and  alumiuii  sulphate,  containing  14  per  cent, 
alumina,  at  $25  per  net  ton.  A  ferric  salt  can  be  made  by  oxidizing 
copperas  with  chlorine,  or  with  sulphuric  acid  and  nitrate  of  soda. 
The  appruxiiiiiite  cost  of  the  oxides  in  solution  is  stated  as  follows: 

Alumiuum  oiide 9  cents  per  poiiud. 

Fen  IP  oside 3  cents  per  jjound. 

FerroiiH  onide , 2  cents  jier  i>ound. 

CBlciaro  oxide i  cent  per  lb. 

In  the  experiments,  the  results  are  generally  stated  in  the  form  of 
annual  cost  per  inhabitant,  a  daily  flow  of  sewage  of  100  gallons  for 
«ach  inhabitant  being  assumed  as  the  basis  of  the  computation.  The 
cost  of  chemiciils  has  been  calculated  from  the  foregoing  price  per 
pound  for  the  oxides.  In  regard  to  the  prices  used,  the  authors  are  of 
the  opinion,  after  some  coiTeapondence  with  manufacturers  and 
dealers,  that  the  price  of  $10  per  ton  for  copperas,  as  an  average  price 
(or  use  in  this  country,  is  somewliat  low,  $15  being  nearer  correct. 
TLo  most  of  the  cmde  copperas  of  commerce  consumed  in  the  United 
Htat<'S  is  a  byo-proiluct  from  rolling-mills.  Much  of  it  comes  from 
the  Cleveland  Eolling  Mill  Co.  and  the  Feme  Chemical  &  Color  Co., 
of  Worcester,  Mass.,  which  takes  wastes  fiom  the  Washbume  &  Moen 
shops. 
.Crude  sulphate  of  alumina  is  worth  at  the  present  time,  on  board  in 
UewTork.  Boston,  and  Philadelphia,  from  $20  or  under  to  $25  per  ton, 
the  exact  price  depending  upon  quality.  The  cost  of  sulphate  of 
14 
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ikhituitiA  is  lar^-ly  iiic reaped  by  the  process  ufii^lmiii^.  Maiiufacturers 
Kl«tt?  Uint  if  ft  prixiuft  with  u  little  iron  iii  it,  say  four  pnv  t-ent-,  could 
be  useil  it  could  W  pnxluceil  au«l  sold  iit  a  little  less  than  a  cent  a 
potiuii.  If  there  ^«jls  ii  steady  demuDd  for  the  cheiuieal  iii  car  load 
lots  it  seems  pixtbable  that  in  time  thit=  price  would  be  still  further  re- 
iltirttJ.  AVith  onlinary  sewage  the  iron  in  the  alumina  wuuld  certainly 
nut  be  (Ui  objei^tioii  and  might  be  an  advantage.  As  a  matter  of  fact 
iron  is  used  in  the  "aliiiuino- ferric"  process  in  conuectioii  with 
nltimiua,* 

In  rofr«^l  to  thti  prices  used,  Mr.  Hazeu  reniarlis  that  considering* 
the  cheapuoss  uf  the  r»w  materiiils,  it  seems  prolmkble  that  the  coet  of 
liuth  sulphate  of  alnmiua  ami  ferric  snJphate  mii^ht  be  materially  de- 
oreaseil  from  the  prices  given,  in  ease  there  should  be  a  considerable 
deuaiid  for  them.  Lime  and  copjienis,  Mr.  Hazen  remarks,  have  al- 
ready a  largt^  sale,  au<l  could  not  prolwibly  be  obtainetl  at  lower 
prices,  by  rsasmi  of  inerrtised  ctmsiimption. 

Tbe  authors'  opinion,  as  itidicxted  in  tlie  forejroins-.  is  that  for  the 
pre«t>»t  tlie  pric»^  which  Mr.  Hajton  has  nse«l  are,  as  an  average  for 
the  whole  ■imiiiry,  somewhat  low.  although  for  points  in  the  state  of 
Ma^vKiohiiseils  they  are  »ii>toul)te«lly  approximately  right  For  uthur 
loeaIilie»  they  may  lie  eaKJly  ciHrected  by  asorrtaining  the  co&t  OD 
btwnl  at  lh«  place  of  tuauufacturf. 


IHtaii.  or  THK  ExnaiMEKTs. 

In  all,  thr«v  S(>ri<'A  of  *!«xi>erimeul8  were  made:  the  first,  in  a  tank 
4&  te*-i  \<Mf!,  30  inehrrs  «i>le.  and  10  to  12  incboGdeep,  vith  a  capaci^ 
cl  about  TOO  salluus.  The  diduieals  in  solntiao  wiiie  added  k>  tha 
NewM^<  as  it  flower)  by  gntvity,  throojrb  a  titKigfa,  into  the  tank,  where 
il  «3»  alU>w\'<«l  to  taettkk  In  one  experiment,  oo  Jons  1st.  when  tha 
tnnk  W1M  tnll,  the  m^w«(^  vii»  allowx-d  tu  uvet&>v  at  the  oppociite  ctnd  < 
fn>(u  that  at  ithich  it  eutt-ni),  the  i^'wa^  with  tlw  cbeanuaia  fiowtng 
in  t>iuliuuoued,v.  The  rx'^latiiw  of  indow  to  tank  caparitj*  «ai>  sodt 
lh»t  iW  awnun>  h-u^lh  «4  time  fc«  tKe  s«wa^  to  ^rttle  in  paadng^J 
thixMiafli  tiir  •■  •V'  mtnutv^     In  all  tW  ulber  •  \f>rnments  of  the 

first  «a>ri««  (b  '  <4  ^wagv  wm«  stoftfMd  abiu  the  tank  vas  filled. 


Ataaioe- 


h«l.«>  (*  «kt»  Ifar 
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ami  the  time  of  settling  reckoued  fi-om  the  time  when  the  tauk  was 
fall.  A  sumiiiury  t>f  ihv  r«snltn  of  the  first  series  is  given  in  Taliie  No. 
44,  in  whieh  the  eohimu  of  the  cost  of  chemicals  per  year  per  iuliahi- 
tftiil  has  heeu  iiddetl  by  the  authors, 

UK  No.  44. — SuuMAiiv  ov  Itic3Lii.Ta  or  Chbmioal  Treatment  in  Largr  Tank 

AT  LaWHESCE. 
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The  first  series,  while  approximating-  closely  to  precipitation  iu  a 

I  aewase  purification  plant,  did  niit  prove  satisfactory,  by  reason  of  not 

pivin^  compinativf  results  as  with  the  same  sample  of  Hewagre.     A 

iuT^p  nnraber  i>f  anjtlvs''S  havi'  sliown  that  tln'rti  is  not  only  a  great 

ilifferenre  in  the  composition  of  the  sewage  on  different  days,  but  also 

lietween  different  portions  of  sewage  required  to  fill  th^^  same  tank.  In 

'  order,  therefoi'e,  to  i^ft  results  which  were  strictly  comparable,  it  was 

decided    to    make    parallel    expcriTnents    on  tlie   same    samples.      To 

I  aci'ompUsli  this,  barrels  were  so  set  tliat  they  cnuhl  be  tilled  from  one 

I  of  tlie  large  measuring  tanks  at  the  station.     The  measuring  tank  was 

'filled,  thoroughly  inised,  and  while  still  being  stirred,  the  barrels  tilled 

I  from  it  and  chemicals  added  as  desired.       In  order  to  show  the  efffict 

[of  Himple  sedimentation,  one  barrel  was  left  iu  each  case  to  settle  with- 

fout  chemicals.     The  barrels  were  .10  inches  high  aiid  held  about  iiO 

gallons  each.     A  eimiputation  was  made  of  thr- auionnt  of  the  jn'ecip- 

[itaut  |>er  l.OflO.lXlll  gallons  required  for  each  barrel. 

The  chemicals  were  mixed  iu  each  barrel  and  the  contents  allowed 

to  stand  until  thorough  preei  pit-it  ion  hiid  taken  pliici-,  after  which  a 

iKample  of  the  effluent  was  dr.-iwn  from  a  tap   about  1(1  inches  above 

Ithr   bottinn.  the  liquid  tii-st   running  freely  for  a    minute,  so  that  a 

Itsample  fairly  represented  the  contents  of  the  barrel  above  the  shidge. 

In  Ihis  Avay  a  sra-ii's  of  about  Tit  cxp  'rimeiits  were  made  in  Ihe  numtha 

of  Mhv,  .Tiiui>,  aiil   S-pt-'mb 'I-,  ivith    Ihe  final  one  of  the  series  on  Oe- 

ober  1.  18H1I 

Boginniug  October  2.  1HH9,  a  third  neries  of  experiments,  nineh  more 
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TABL.K  No.  45. — SimMAKr  of  Mk.  Hazen's  Second   Skriss  or   Espejunkxtb  ov 

CKKMICJU.  TRK.kT>KKT  AT   LAWRENCE. 
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flaborate  thtm  th«  previous  ones,  waa  made  in  order  to  (letermine  more 
iletinitt^ly  the  best  proportiou  of  the  various  ehemintls  and  their  re- 
spcrtive  merits^  These  experiuionts  were  also  made  in  liarrels.  the 
MUoe  as  already  described  for  the  second  series.  In  the  first  and  second 
aeries  precipitation  had  been  in  some  cases  cuntina«l  lunger  than  oae 
.hour,  but  iu  the  Ihinl  the  time  of  settling  was  taken  uuiformlr  at  ooe 
lioiir.  In  refTwrd  to  this  Mr.  Hazt-u  says  ii  slijrhlly  l>etter  r^-suU  would 
!■■  olitaiiiwi  l)y  waiting  longer  l.>efi)re  t^tking  the  sampUrs ;  but  a  few 
esporiiuents  indicated  only  a  slight  difiTerenre  between  1  and  4  horns' 
S4'ttliu>r.  and  in  coin [mntf Eve  exjicriments  on  sewage  the  adTsata^  of 
luiiking  the  experiiutnts  and  «>mpletiug  the  analjrses  on  the  suae  day 
is  very  ;n^««t.  It  was  also  thought  that  aa  hour's  settling  in  a  tank  30 
inches  deep  may  be  equivalent  to  S  or  3  hours'  settling  in  a  tank  6  feel 
deep. 

ExPEKnnonii  with  Lus. 

Beforv'  irivitis;  the  detail  of  the  thin!  series  of  experiments,  Mr.  Hazen 
d^-scrilK-s  tile  methinl  >>f  the  !»nal>-ses  of  fiewasie  which  has  been  em- 
ployni     In  n-garrl  to  prwipitiilion  with  Hue  it  is  stated : 

Tlw  qnkUtBM  ol  comaerc*  Aon  not  bar*  a  Mmstaal  coBt|wsil>«B.     It  has  beea  < 
■  tli>'a|:lil  IvKi,  ti>r  tlx-  )<iir|<>vp  at  ihrM>  wtpwttttaWL  Id  take  aa  ariHtrsry  aimaai  afj 
tcaVinm  raul<>  in  >uliit>iiu,  as  lime  water,  to  tvpMvaal  ■  Um  af  Kaie,  taUicr  !!■>] 
I  vvicli  not  limf  for  wx|<«riBcaiL     Ttiia  awlkod  will  (n<^  ssrk-tlt  <MU|wtable  rarak^  j 
IwiitK  if  tbc  liaie  waa  wvjgbeil  oa%,  (Wf*  wonM  aJwars  br  ancrttmuttr  as  lo  thai 
'  c<>ai|MBit*o«  ot  1^  pottiott  M«L  as  dUfttwi  laaiiM  of  liar  truia  tW  ante  lian«l, 
aad  CTVB  4tAranl  pottts«M  ot  tW  aMaa  taup.  laai  -hfrt  ■  UVIr  tnm  raeh  otlxir  la 
cwpc^tioa.     If  pmw  catrian  cuLkJ*  is  dfaenlvMl  in  >lt*tiUr<i  w»i»r  at  ibv  tair  ul  oa* 
tna  ipwc  auUiMi  galkia:^  it  will  lkan>  aa  maJt  aaubvr  of  aftatant*  of  (t.W  ;  i  r.,  it 
will  rntnii*aMt-«ihM <«altWMti«a of  Dotaial>>alp)ituie arid.  WEramaMwiwr  litT«,io 
■Mtnlib-  lAt  eaUc  ■.watt—tw.     Bai  qak-41m»  oa^  euataias.  on  an  acviaBW 
Hftwin  M)  U<  iS  par  evaL  at  Wttooatbiaml  cmlnan  iiaMm.  and  a  intlinii  nf  tint  ■•  I 
diBrulllt  s«i)abJ«.  »o  that  il  is  itui>tHKittlr  li>  ntakr  a  til—  water  wlrirh  ii  IN>  wall  I 
tb«  tall  lb*<.<rrtica)  <'t\-r;i^)i  xf  thr  Iibms     la  a  trw  ■nnai^i att  ia  dimolriMr  Um*  \ 
ia  »wai[p.  I<*  t  '     '  •  tiam  |<coTnl  lo  W  not  e^lr  fln|ql.l«.   ~  fnm 

tkmr  rxx>enBi-  tb«>  liaM  will  na  UwanMaf*  nrU  TU  {.r 

of  it*  wMfcW  xf  t^aU'i  jot  uxidi;  lu  wtwtaia.    Thi*  »  WtWvnl  lobe  a  teir  < 
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Iwhich  CBD  lie  obtuDed  in  prnclice.     Tbix  coiTesponds  ueorl;  to  nn  Ekcid  nunibet  of 

10.60  fur  one  ton  jier  niillioii  gnlJoDs,  and  I  Lave  tnlten  that  as  a  basis  for  comptitiug 

\i\ie  amoniit  of  lime  nued  in  each  ex|mriment.     Tlie  Jimo  is  slaked  witli  a  larga 

it  ot  sewage,   and,  after  syttling,   llio  acid  number  is  obtaiiied  by  tilration. 

.  tbix  is  L'oii'niated  ibe  amouut  of  lime  water  to  be  added  to  the  sewage. 

"By  treating  sewage  with  a  large  excess  of  milk  of  lime  tlie  undissolved  ealoinm 

iLyiliate  io  settljug  oimies  <luwn   llie  in«oliible  ovguuic  mattei'  iilmuat  completely, 

iiml  in  a  verv  ^^llort  time. 

On  Mav  It)  an  cxpi'riment  was  njaile  as  fuUows :  A  welgbed  jM^rtioQ  of  lime  was 
slaked  ill  a  barrel  and  the  barrel  tilled  wilb  .tewage.  Aftei'  settling  for  a  few  nin- 
uteH  the  cleared  li(|uid  wa^  di-awii  off  and  tlie  barrel  uguiu  filled  uitL  uewage.  TliJa 
was  repeated  until  the  lime  wasexhaHstod.  In  all  480  gallons  of  sewage  wert?  treated. 
The  lime  uttod  wan  at  the  rate  of  (i,600  pounds  per  l,(H)|i,000  gallons ;  4.8  ^llons  of 
alndge  wera  left,  having  4  j>er  cent,  of  solid  matter.  Tliis  process  could  not  be  used 
on  a  large  scale  owing  to  the  amount  of  lime  required  aud  the  e^cesH  of  lime  left  in 
aolutiou,  which  would  slowly  precipitate  out  on  exposure  to  the  air.  The  com- 
pleteness with  which  the  bacteiia  are  reuioved  or  killed,  and  the  large  volume  of 
lii|uid  which  cau  be  treated  in  a  small  tank,  might  render  it  of  uae  in  some  cases  for 
LdiHiiifeclion.     The  results  were  as  follows  : 


Table  So.  40. — Rksclts  hv  PiiKciriTATioN  with  Laikie  Excess  op  Limk. 

[firBIKT  100,0011.) 
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^P  The  action  of  smaller  amounts  of  lime  is  quite  different.  Oalciura  carbonate  is 
then  foi-med  with  the  carbonic  acid  of  the  sewage,  and  it  is  thus  the  carbonate  in- 
steail  of  The  hydrate  whicli  clarifies  the  .sewage.  Calcium  caibouate  in  somewhat 
xiiliible  in  wati-r  or  sewage  eonlainiu^  carbonic  acid.  To  obtain  a  preci|)itato  it  is 
necesKni-y  to  add  enough  lime  to  combine  with  the  greater  part  of  the  citibonicacid. 

tTlie  report  gives  tlie  details  I'f  four  experiiHeiifs  willi  iliflV^reut 
iiiouiits  of  lime.  In  efieli  cjise  sfvcn  Ivirri-ls  wm-  tilli'il  frcmi  lln'  surrn.* 
auk  of  3owaj?e  aud  viiryiiig  niiiouiitH  i)f  lime  milled.  From  the  t;ibulu- 
ioua  and  diiigfiims  of  th«  results  it  itppcnrs  tliat,  witb  iiicreiisod 
■.mounts  of  liino,  there  is  n  repuljir  i  ni  prove  in  eiit  in  the  i-lHneut,  until 
the  point  is  reached  where  the  lime  is  equal  to  thw  carbonic  acid; 
Bhuyoud  this  point  the  addition  of  a  larger  nmimut  of  limi^  doe»  not 
^piHiially  remove  any  mnn-  org-anic  matter.  A  fm*tlier  increase  does, 
Hliowever,  kill  bacteria,  an  shown  by  the  results  iu  Talile  No.  46.  A 
■quantity  of  lime,  ecptal  or  uearly  equal  to  the  carbonic  acid,  m&y 
tliorefore  be  taken  as  the  practicable  limit  of  efficiency  in  a  simple 
lime  treatment.  What  may  be  accomplished  by  such  a  treatment  ia 
(nlly  indicated  in  Table  No.  -17. 
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TaU-e  So.  4T.~-BKSi~t.T»  or  PKWiPtTATiu.N  whkx    thk   Lime   Used   wa»   Ei^gji 
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ThU  l;kl4«  siioTs  that  by  the  use  of  mi  ajnoaat  at  lime  coiTeiq>ood- 
JMg  lu  Ibe  catrbonic  acid  id  lb«  serage,  all  of  the  sBspotcled  oremac 
UMttrr   faaiit  l>«*n  ivmoretl,  together  with  20  iter  cent,  ol  the  soloMo 
«ll<uuiiuoi(l  luuiui^uka,  l.>  pi-r  i-vut.  of  the  soluble  loss  on  ignjtiou,  9^i 
per  ««uL  of  Ih^  (••ct«TU,  76  \»r  cent,  of  the  tarlnilitr,  at  a  cost  b^H 
TiheminJs  of  17.31  per  nillMn  galloitt,  or  27  cents  p«r  inhabilMit  ai^^ 
naallv*. 

LtMC  jLNTi  Cumaua. 

TV>aM>ouil  sen4>A«.4  expt-ninr&ts  haj  iu«lirat«d that  it 
to  ihUI  liut*  viUt  i»|t{K4ii>£s  in  ori^r  to  $vt  the  bc«t  nsuH  from  i 
ro|)(N.>nis  liwktiuMtt.     AdtUtiutud  >i>xi<«TtiiM«ts  «it«  ntninl  out  in  t 
tkinl  MTtos  t^i  a«)>.>-ttaiii  bow  Mwh  lime  k  n-qnire^  the  efft^l 
dilK'mul  MUK^uuis  i«f  (,x>)>|M>ns,  wad  vfaelkcr  tbr  sewage  shall  first 
luwl  «itb  th<>  limv  «u-  vHh  thv  tcftim&. 

Hw>  «>x|MiniM«tK  with  n»ttt<««»«  show  cksrly  that  mhen  copperas  is 
awVW^l  t>«  »t<«*^>  »l>t)M\  th<*  r(««U  >»  am  Uw  ■ha>»  bo  bttlrr  than  nar 
W  oUaiu^I  from  »iini>U>  >4tliMM«taliaa.    Ik  whr  to  pmlaee  pnclpi- 
UI*o«t  it  i»  iws-vMMrr  to  mM  U»»  tawnfh  ti«  ttam/Hmt  with  th«  fn-^vs 
lk»<w<MWiie  <«i>h1  tix^iT  th<^  aMttMuri  rv^anwl  to  Cora  fai«ariuairtet 
t»«OMtti)M>  vitb  iht-  Mtlphwric  aciil  <4  Ih 
MMtmMt  (4  lime  w  M.K)t>l,  the  tk^Kl  khmI^v 


WlkmyMproptf 

will 


I*  iewv    TV*  i»MiM>  i»)vi»l  *i-t»»M»,  tii 

•axwm^  t*Ml  tH\  K'JK^r  n^tilt  «il)  t'*'  i 

•«>  A»\-4l  1««W  tilAB 

tt.«  ,.  *t.vl    MtJiW 

«iMt|th"  «>eiH«MWl«ti^>lk  «  N'MKMk-. 

TW  ta«4  with  )ih«««%t)4tth4k4M  vlkrtWK  i 
)■•  k«M*  *>M*ii.  atwl  it  dM  W  wmnI  Vt  Mqr ' 


MdtehtlT 
than  a  digi 


IWtk: 


R 


w  Um-  «i(v»«ir«.  t^t  whh'fc  *  f*w 


.«l*i 


k  line 
vtfhmii' 


1.IMK    AM>   I'lH'I'KKAS. 


•Jl't 


Ithtlialeiii  in  alcohol  is  added,  it  will  be  ttirued  blood-red,  wliile,  if  tlie 

amount  is  too  smiill,  the  sewagfe  will  reiuiiiii  uucolorwl. 

Ml-.  H:izeu  Mtutes  that  this  reaction  is  equally  useful  iu  the  precipi- 
tatiou  by  lime  of  swid  sewage  conttiinitig  iron  from  luiinufaetiiring; 
wastes.  In  this  i-ase,  the  copperas  is  already  carried  by  the  sewage, 
and  the  additiou  of  lime  is  required  to  neutralize  the  acid,  thus  pre- 
«ipitatiu^  the  iron  and  rendering  it  available.  Au  elegant  application 
of  tliirt  principle  has  been  mude  iu  the  cheujicid  treatment  uf  the  sew- 
age of  the  city  of  Worcester,  which  is  an  acid  sewage  containing  large 
quantities  of  iron  manufjtcturiiig  wastes.  For  further  discussion  of 
tbis'  paii  of  the  auhject,  the  reader  is  referred  to  Chapter  XXVII.  de- 
scriptive of  the  AVurcester  ilisposal  works. 

A  series  of  experiments  were  made  for  the  purpose  of  determining 
the  effect  of  different  amounts  of  copperas  when  used  with  the  proper 
amount  of  lime,  as  indicated  by  the  phuuolphthaleiu  reaction.  The 
results,  with  anioimts  of  lime  best  adjusted  to  the  given  amount  of 
copperas,  are  indicated  in  TaV)les  48  and  4il. 

Summarizing  the  results  of  these  two  tables,  it  is  found  that  with 
500  pounds  of  copperas  per  1,000,000  gallons  of  sewage,  and  au  amount 
of  lime  best  adjusted  to  the  copperas,  there  will  be  removed  all  of  the 
suspended  organic  matter,  13  per  cent,  of  the  soluble  albuminoid  am- 
monia, 14  per  cent,  of  the  soluble  loss  on  ignition,  65  per  cent,  of  the 
turbidity,  and  88  per  cent,  of  the  bacteria,  with  a  cost  for  chemicals  of 
15.44  per  million  gallons,  or  20  cents  luinually  per  inhabitant. 

With  1,000  pounds  nf  copperas  per  1,000,000  gallons  of  sewage,  and 
an  amount  of  lime  best  adjusted  thereto,  there  was  removed  all  of  the 
suspended  organic  matter,  39  per  cent,  of  the  soluble  albuminoid 
ammonia,  30  per  cent,  of  the  soluble  loss  on  ignitiou,  75  per  cent,  of 

Taht,B  No.  18.— Resiiltr  of  Trkatmf.nt  of  Sewaob  with   aboot  500   Pol'sds  oi* 
CorrKRAs  FOR  I.IJOO.OOO  Gallons,  and  an  Amount  or  Limb  best  aujddtkd 
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TABLft    No.   4B.— Resclts    nr    Theatmbst    or    Sewaoic   with    1,000    PocKoe    or 
CoprEKAS  run  ^.000,(0^l  (iai-lokb,  and  as  Xhoukt  ow  Limb  best  adjvstbd  to 
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the  turbiditj',  niul  98  per  cent,  of  tlie  bacteria,  with  a  tost  for  chemicals 
of  J8.60  per  nullion  galluna,  or  31  cents  per  inhabitant  auunally. 


FeBRIO   SlILPH.\TE. 

Mr.  Hiizt'ii  Btiites  that  ferric  salts  have  the  advantage  over  ferrous 
salts,  iu  that  ferric  hydroxiile  in  more  readily  precipitated  and  mor^ 
completely  insoluble  tbau  ferrous  hydroxide. 

A  nomber  of  experiments  were  made  to  determine  whether  it  vtak 
necessary  to  add  lime  in  order  tu  obLiiii  the  best  resnits  with  ferriw 
salts,  ami,  if  so,  how  much  should  I>e  used ;  also  to  asvertain  the  elTeot 
of  different  amounts  of  ferric  salts  when  used  alone. 

As  already  stiited,  the  ferric  salt  used  for  the  experiments  was  ferric 
Mulphate.  but  Mx.  Hazeii  siiys  there  is  every  reason  to  suppose  that 
exactly  the  Sijnie  results  would  be  obtained  with  ferric  chloride  con- 
tidnin^  an  eqtml  amount  of  iron. 

The  experiments,  with  a  eoinbinutiim  treatment  trf  lime  moA  ferric 
snlphate,  show  that  the  intlnence  of  the  lime  is  very  small.  "With  an 
amount  of  ferric  sulphate  equivalent  to  200  [loonds  of  ferric  oxide, 
tlie  result  was  slightly  better,  when  800  pounds  of  lime  were  used. 
With  the  efiuivalent  of  4O0  pounds  of  ferric  oxide,  in  combination  (1) 
with  500  ponnd.-i  of  lime  and  (2)  with  1,0(10  potiuds  of  lime  per  l,(HIO,lkiO 
pallous  treide.1,  the  results  show  that  the  lime  had  almost  no  iafliWDre. 
AVitli  .100  pounds  of  ferric  oxide,  no  Iwtter  n-snlt  was  ikbt^iimtl  by 
mixing  the  sewiii:e  with  1.000  {luauds  of  lime  /-/oiy  addiu<;  tin-  ferrie 
sniphate ;  when  the  lime  was  added  to  the  sewnffe  njlti-  the  ferric  sul- 
phate, the  result  was  not  quite  so  sootl  iis  when  no  lime  was  used. 

The  conclusion  is,  therefore,  that  the  Wsi  rosults  will  bo  obtaii 
Irom  the  ferric  sulphate  when  used  alone. 
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Table  No.  50  gives  the  results  of  the  experiments  in  which  only 
ferric  salphate  was  used. 

AliTBIINUU    SlTLPHATE. 

The  next  series  of  experiments  were  with  aluminnm  sulphate,  the 
action  of  which  upou  sewage  is  analogous  to  t)ie  ferric  sulphate.  Mr. 
Hazen  remarks  that  there  is  every  reason  to  Buppoee  that  aluminum 
chloride  containing  the  same  amount  of  alumina  will  give  exactly  the 
Dame  results  as  the  sulphate. 

The  first  experiments  with  this  salt  were  made  for  the  purpose  of 
determiniag  (1)  whether  lime  could  be  used  advantageously  with  sul- 


Tablk  No.  si. — Rebults  ov  Treatuemt  op  Sbwaob  with  Aluminum  Svlpbatk. 
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]>lia(e  of  aluDiiua  ;  and  (2)  tlie  ell'ect  uf  differi^iit  uuiuiiut!>  uf  the  same. 
Ttie  results  iu(lit.-iito  tliut,  as  with  ferric  sulphate,  lime  hus  little  or  no 
effet-t.  The  precijiitatiuu  in  a  little  more  rapid  when  limo  is  used,  but 
the  ehort  gain  iu  time  will  huixlly  oumpeusate  for  the  extra  cost. 
Table  No.  ol  gives  the  results  uf  three  esperimeats,  in  which  solphato 
of  alumiua  only  was  used  as  a  precipitant. 

The  three  series  uf  experiments,  outlined  in  the  foregoing,  indicate 
the  following: 

(1)  That  with  a  given  quantity  of  sewage,  a  certain  definite  aiuuaat 
of  limo  gives  as  go*Kl  or  better  residts  than  cither  more  or  less. 

12)  That  in  genend,  the  more  copperas,  ferric  sulphate,  or  nlainiatim 
sulphate  used,  the  better  the  rt^snlt. 

(3)  That  ferric  sulphate  aud  aluminum  sulphate  usually  require  no 
lime  for  completing  precipitation. 

(4)  That  with  copperas  a  deliuite  amount  of  lime  must  be  used. 

Reslxts  With  Diffebe-nt  Amocxi^  of  Cbemicalk  wt  or  Ewai. 

Ykuve. 

In  order  to  compare  the  results  obtaiueil  with  the  best  amount  of 
lime  with  equal  value  of  the  other  chemicals,  when  used  under  the 
most  favorable  conditions  on  the  same  sample  of  sewage,  two  ad- 
ditional experiments  were  made,  the  second  being,  presumably,  for 
the  purpose  of  checking  the  first.  The  re^nlts  of  the  first  set  are 
given  in  Table  No.  52.  Table  No.  53  gives  the  per  cent,  of  soluble 
organic  matter  removed  by  cheminds  of  equal  value,  as  deteimined  by 
the  two  final  sets  of  vx]>erimeuls. 

Taking  the  percentage  of  albuminoid  «mmonia  removed  to  repre- 
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Bent  org'aiiio  matter,  it  is  shown  that  in  addition  to  all  suspended  mat- 
ter, tliu  fiillowiiiu;  amoiiutH  of  soluble  organic  matter  have  been 
removi'd : 

"Witli  linie  cootiiig  30  cents  iwr  inbaliitant  snnnallj 22  per  cent. 

"With  coppiiraH  anil  lime  poatinff  liO  cents. , 20  per  cent. 

With  ferric  Hulpliutc'  coBtiiig  SOcmiI.h 32  per  cent. 

With  ftlnminuin  nnlphale  (.'ostiiip;  30  oents 20  per  oent. 

Willi  fonie  snlpliale  costing  4'J  I'cnts          41  per  c*?ut. 

Wilh  alnininuin  Hnljilialo  ccistiiiK  iO  cents 29  per  ct>nt. 

Witli  liine  cosiiiig  27  ci-nts  pur  inhabitant,  annually 20  per  cent. 

Wilh  oopi>oras  anr!  lime  coatinf;  20  centa 13  per  cent. 

Willi  cop])eLfts  aiirl  lime  custing  -ii  cents 39  jjer  cent. 

■With  ferric  aulpliiile  coating  22  centa 17  per  cent. 

Wilh  ferric  Kiilpliute  cciating  Xi  cents 48  per  cent. 

With  ferric  sniphale  eo^iling  44  cents 4B  per  cent. 

Witli  Bluniinuni  snljihate  costing  23  cents 10  iwr  cent, 

Witli  aluuiiaum  sulphate  costing  45  cents 47  per  cent. 


DEDlTTIONa. 

Tlie  following  conclusions  may  be  drawn  from  Mr.  Hiizen's  experi- 
I  inent»  : 

(1)  The  firtit  series  in  larpe  tanks  (Table  No.  44)  made  between  May  1, 
and  Jnnt*  14,  inclusive,  may  be  ronsidered  as  approximatiufr  more 
I  nearly  to  the  actual  conditionH  at  sewape  disposal  works  in  operation 
than  any  of  the  others;  ami  the  variation  in  the  results  are  such  as 
may  be  fairly  expected  from  day  to  day  due  ti>  chiing-cM  in  the  com- 
position of  the  sewage.      The  results,  however,  are  not  comparable 
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uue  with  anotlior  by  retison  ot  using  sunipleu  of  varyiiig  composition 
takeu  oil  different  days. 

(2)  Mr.  Hiizeu  does  not  cousider  the  secuDd  Keries  in  Vmrrels  as  re- 
liable as  the  latter  ones,  by  rea>«on  of  tioiue  of  tlie  anaylnes  uut  being 
made  imtil  the  day  following  the  experiment.  He  therefore  conBiders 
it  probable  that  changes  had  occurred  whicJi  affect  the  results. 

(3)  It  may  be  said  of  all  the  experiments  iu  barrels  that  (a)  the 
quantity  treated  was  rather  small ;  tanks  holding  from  300  to  600  gal- 
lons would  have  been  preferable,  although  the  use  of  such  would  have 
required  more  time  and  additional  appivratus,  in  the  way  of  special 
appliances  for  mixing;  and  (b)  iLat  probably  by  reason  ot  the  small 
volume  experimented  upon  the  mixing  was  more  thorough  than 
nsually  occurs  in  practice.  To  obtain  the  same  results  on  sewage  of 
the  same  composition  in  actual  practice  will  therefore  necessitate  the 
use  of  amounts  in  adilitiou  to  the  quantities  indicated  by  the  exper- 
iments, of  perhaps  5  to  10  per  cent. 

(4)  With  lime  largely  in  oxcess,  as  in  the  experiment  of  May  10,  sew- 
age can  be  treated  on  u  small  scale  in  such  manner  as  to  remove  very 
nearly  all  the  bactem,  the  result  being  tliat  with  an  original  sewage 
containing  1,881,400  bacteria  per  cubic  centimetre,  the  number  found 
in  the  effluent  of  5  minutes  time  was  only  1'2 ;  after  1  hour  17  ;  and  at 
the  end  of  24  hours  5.  This  process,  however,  could  not  be  used  on  a 
large  scale,  owing  to  the  large  amount  of  lime  required  and  the  ex- 
cess of  lime  left  in  solution,  which  would  slowly  precipitate  out  on 
exposure  to  the  idr. 

(5)  'I'lie  best  priu-tical  ivsults  with  lime  were  obtained  when  tlie 
lunount  osed  was  equal  or  nearly  equal  to  the  carbonic  acid  of  the 
sewage.  To  produce  this  condition  a  deGuite  quantity  is  required  lor 
a  given  sewage, 

(C)  The  use  of  cuppiinw  alnne  is  without  much  useful  eflfect  in  the 
treatment  of  an  oiiUnary  sewage;  the  re.-iiiit  being  very  little  better 
than  may  be  olitaiueil  by  simple  sedimentation.  It  is  necessaiy  to 
add  enougli  lime,  wlicn  eopjteras  is  used,  tc  combine  with  the  exircBS 
of  carbonic  acid  over  what  is  required  to  form  bic.-ir  bo  nates,  mid  to 
combine  with  tlie  add  of  the  copperas,  as  the  necessmy  conditions  (or 
precipitation.  In  general  terms  we  may  say  that  with  a  liino  and 
copperas  treatment  theiti  ii*  a  definite  amount  o(  lime  that  will  give 
the  licst  results, 

(7>  In  using  lime  and  copperas,  the  lime  should  be  added  first. 

(B)  For  a  given  sewage  treated  with  lime  and  copperas,  the  proper 
proportion  of  imh  shoulil  b.'  dot<-rmincd  by  experiment.  Up  to  oae- 
lialf  ton  per  1,OOI),OIIO  gallons,  using  in  each  case  a  suitable  amount  of 
lime,  the  more  copperas  used  the  Ijctter  the  result ;  Ix^yond  that  limit 
the  improvement  is  not  commensurate  with  the  cost 
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(9)  Other  tKlitgB  being  equal,  feirio  salts  aie  preferable  to  ferrous 
Baits  by  reHBon  of  quicker  action  ami  mure  insoluble  precipitate. 

(10)  Lime  is  of  almost  uo  value  for  use  with  ferric  sulphate,  esjie- 
I'ially  wheD  treating  a  sewa^  which  ia  already  alkaline. 

.  ■  (11)  Within  limits,  we  may  nay  the  more  of  either  ferrous  or  fenio 
sulphate  used  tht)  better  the  result. 

(12)  For  the  sewage  experimeuted  Hpon,  the  use  of  Itme  with  sul- 
phate of  alumina  is  of  verj'  little  efl'ect  over  what  may  be  accomplished 
by  the  use  of  the  ahimiua  alone.  The  chief  eflect  of  the  lime  is  to  in- 
crease somewhat  the  rapidity  of  action,  but  the  gain  in  time  hardly 
L-ompensates  for  the  increased  cost. 

(13)  The  rusults  in  Tables  C2  and  53  are  probably  the  safest  for 
coiupiirisoii,  subject  to  the  limitations  indicated  in  (3), 

(14)  The  removal  of  bacteria  in  duo  partly  to  the  mechanical  action 
of  the  tlocculcnt  precipitates  in  which  they  are  entangled  and  carried 
down,  and  partly  to  the  action  of  the  rea^'eut  as  a  germicide ;  but  even 
the  best  of  the  varitnis  chemical  treatments  leave  a  relatively  large 
number  of  bacteria  in  the  effluent,  together  witii  such  quivntities  of 
iirganic  matter  as  may  lead  in  a  short  time  to  the  development  of  as 
many  as  were  present  iu  the  original  sewage.  If  any  so  left  are 
disease  germs  the  etHuent  may  be  nearly  as  dangerous  to  public  health 
as  the  original  sewage. 

(15)  The  microscopical  determination  of  the  yeast  may  be  considered 
a  useful  method  of  ascertaining  whether  or  not  the  suspended  organic 
matter  is  really  all  removed. 

(16)  The  effluents  from  treatment  with  iron  salts  are  slightly  colored, 
which,  however,  Mr.  Hazen  does  not  consider  an  obiection  to  tho 
treatment. 

(17)  The  practical  ilifticulties  of  working  the  lime  process  renders 
the  results  in  general  inferior  to  those  which  may  be  obtained  at  the 
same  cost  in  other  ways. 

(18)  Copperas  and  lime  treatment  is  difficult  in  practice  owing  to 
the  necessity  for  adjusting  the  quantity  of  lime,  although  when  such 
adjustment  is  properly  made  a  good  result  is  obtained. 

I  (19)  Ferrous  hydroxide  is  more  soluble  than  ferric  hydroxide,  from 
which  results  a  larger  amount  of  iron  in  tho  effluent  from  copperas 
treatment  than  from  a  ferric  salt. 

(20)  The  advantage  of  both  ferric  sulphate  and  aluminum  sulphate 
is  that  their  addition  in  concentrated  solution  can  be  accurately  con- 
trolled without  reference  to  the  adjustment  of  any  chemical  to  the 
sewage. 

(21)  The  results  with  ferric  sulphate  have  been  on  the  whole  more 
aatisfactory  than  those  with  aluminum  sulphate. 

(22)  By  reason  of  (»)  variations  in  the  composition  of  sewage  at  dif- 
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feient  plitees ;  ami  (//)  c-liaiiges  in  pricts  of  the  reJitr^utH  it  is  impos: 
Me  to  siiy  tliat  one  treiitmeut  is  luiiveiisaHy  better  tliaii  aiiotlier, 

(23)  All  acid  sewage  cuntoiuiug  iron  mny  be  'proi>eiiy  treated  wi 
lime.  ■ '    "  ■     ■•         -     1  ■  ' 

124)  By  tliL-  U86  of  a  pToiicr  »]uou)it  of  eitllei"  an  iron  or-^luniiuum 
wilt,  from  oui-  biilf  to  two-thiixlH  of  the  or^iUiic  iiiuttei'  of  sewnyf  may 
\ia  removed  liy  c'bemicu.1  prcfipitiitioii.  A\itb  tbo  process  culTiuil  out 
ill  detail  the  eHiueut  can  be  discharged  iuto  aTutniiug  stream  -  witjio' 
producing  a  iiuiKiiiiee.  '  ■  .      -     .        -,      ,        ,  v 

(2.1)  Tlie  iiK(iuipb?tt'iie88  of  the  purification  in  comparison  with 
oost  of  the  procfKs  will  bt-  likely  to  contine  the  application  of  uhe 
cid  purification  to  naiTow  limits. 

Cifi)  Tlifre  is  nothing  iu  these  experiments  to  indicate  that  the  efliu- 
■euts  from  ohemiciU  treatment  are  tit  tu  drink. 


PraiFicA'noN  OF  Hewauk  liY  Aeiiation. 


the   results  of  a  series  of  exper 
sewage    by   aeration    made    fur    the 


111  Table  No.   53A  are   given 
meuts    on    the    treatment    of 

Metropolitan  Board  of  Works  (London),  liy  Dr.  A.  Diipre  and  W.  J. 
Dibdin.     In  eucb  i;ii,s(?  1,1)00  galbinii  of  raw  sewagu  was  first  treated 
with  5  grains  per  gallon  of  lime  sji  lime-water, and  the  same  amount 
copperas.     Heries  (1)  and  (2)  show  the  means  for  10  samples  of  ra' 
sewage  and  the  elHuents  from  the  siime.     Series  (3)  shows  (2)  corrected 
for  the  lime-water,  of  witich  72  gallons  was  added  in  each  case,     Se 

T&DLK  No,  53A.— HSBrri.Ta  or  Tubatmest  ok  Sbwmik  wtTU  LIMB  A»D  COPFICK. 
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(i)  in  the  mean  of  8  effluents  which  were  treated  by  aeration  with  the 
result  iiKlic-iitetl  in  (5).  In  stmlying'  the  results  it  must  lit"  boiuo  in 
mind  that  (4)  and  to)  are  difforeiit  series  from  {-2)  and  (3),* 

By  i^umpuriug  series  4  and  5  of  Table  fiSA  it  will  be  seen  that  aera- 
tion had  but  little  i-tfeet  upun  the  sewiige.  The  aame  conclusion  was 
reached  in  some  esperimeuts  with  diluted  sewage  by  Mr.  S.  K.  Hiuc.f 
Dr.  T.  M.  Drown  in  experiments  with  natural  waters  and  nith  water 
to  whii'h  a  small  amount  of  sewage  had  been  added,  concludes  that 
"'  The  uYidatiou  of  oru;ai)ic  matter  in  water  is  not  hastened  by  vigor- 
ous agitiition  with  air  or  by  uii"  under  pressui-e."! 

In  considering  the  signilicajice  of  these  new  views  we  must  not  for- 
pet  that  the  presence  of  oxygen  is  still  imperative  in  order  to  secure 
the  operation  of  the  living  agents.  Moreover  when  large  quantities  of 
organic  matter  are  present  it  is  still  permissible  to  assume  some 
degree  of  direct  oxidation,  and  it  is  in  this  latter  view  that  we  have 
discussed  the  matter  in  the  beginning  of  Chapter  V. 


Chemical  PitEcirixATiox  by  the  Usk  op  Ma^qaxate  of  Soda  and 

NlTBE, 

Ah  we  have  seen,  the  tendency  of  the  effluents  from  chemical  proc- 
esses, especially  those  dependent  upon  lime,  is  on  the  whole  toward 
putrefaetiou,  even  when  considerably  diluted  after  discharge  into  run- 
ning .streams.  This  result  is  due  primarily  to  a  deficient  supply  of 
os.vgen,  whereby  the  microbes  of  nitrilication  may  develop  in  auf- 
fifieut  ipiantity  to  complete  the  resolution  of  the  organic  matter  still 
remaining  in  the  etHueut.  If,  then,  the  chemical  purification  is  effected 
by  som-.'  reagent  which  leaves  a  considerable  quantity  of  oxygen  in 
the  effluent,  we  may  expect  an  improvement  in  this  particular. 

*Tiili!e  N'l,  -"SSA  U  derived  (mm  Appendix  D  H  of  the  Hrpoit  of  the  Roy.  Com.  on  Met.  Sew. 
i>i»c^hg..  p.  LtJl. 

t  it<-cniiDt«J  In  a  (tjvptT  entitlrd  *^  Note  on  the  Dirpot  Oxlrlat'ion  of  Organic  Mfittor  in  Water," 
b>  Professor  \\\  P.  .Mjuloti  and  K  K.  Hine,  Jour.  Am.  ClLem.  Sm',,  vol.  sit.,  wi.  7.  Tiie  eiperi- 
ni<^Dta  were  inad'-  by  Mr.  ifint  and  the  ronultH  prenciiU:rl  an  a  i^-idijutinf;  thi^Hii  at  thf!  RtnouliLer 
Piil.vtcohnic  Iiiotitub?  in  Jime,  lHlr2.  Varvintf  proT>i>rtiunB  of  Ht\tii<;u  and  WMter  vivtv  plju:i-d  in  A 
tin  ca'k  nr  in  a  glun  atoppered  Ixittlc,  montly  in  ttie  latter,  the  receptanle  tielii^  ni>t  kiver  halt  fulL 
Tilt  rua  or  bottie  wai  then  f»atened  to  the  eonnwting  lod  of  «  horiuintal  Bteiiii-iiigine  of  lO-in, 
■Iruki^  uiil  the  engiafl  run  at  ~h  revoLutionK  per  minutt.  su  that  in  an  hoLtr  the  receptacle  wh» 
•  Kakefi  U.OOU  timet  lUld  travellcwi  about  l.'i'i  mile^  The  iwinple*  were  nhHllen  fron^  l!i  t*»  64'  hoiirt 
■nd  .'4  Mmplen  were  tried,  anilyses  boing  mado  Wfore  unit  nfter  «hnking.    The  pnper  stntei  llmt : 

An  OK Mni nation  of  thtireviiltH  Nhowi4  that  the  amount  of  oxidation  which  took  place  during  iho 
•(itition  ot  the  water  wua  very  trilling,  a  findiog  entirely  in  nccnrdancc  with  Profoeaor  Lred>'  ob- 
tvTvatiurib  of  the  water  ttf  the  Nia^fora  river  before  and  aft4?r  pairing  Niagara  Falli.  EKrect  oirida- 
I'liq  lirH'M  (lot  aeeni  to  lie  n  factor  of  an}'  cuniiderable  imfmrtanee  in  the  pnriAcation  of  pollifto'l 

Wttfll 

;  "■  The  Effect  of  the  AOrati<m  of  Natural  Waters,*'  hv  Dr.  Thnmiu  M  Drnwn,  chemist  uf  the 
Hoard.  Reiit.  M»*».  St.  »d,  of  Health  foi  iv.i\.  Alto  in  Juiir.  New  Etuj.  W,  Wlw.  Aaan,, 
llr.r  ,  imW.  and  Kn^.  New-,  vul    siviii,  pp.  1S3-1  (Aug.  '£),  ISBIi). 
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"Working  in  tliin  directioD  Mr.  W.  E.  Adeney,  curator  iu  the  Roya! 
University  of  Ireland,  and  Mr.  "W.  Kaye  Parry,  of  Dublin,  have  ex- 
perimented on  the  use  of  monganate  of  soda  and  nitre.  Their  results 
aie  giveu  iu  two  papurs  read  before  the  British  Institute  of  Public 
Health  at  the  181)2  meeting  in  Dnbliu. 

Tho  theory  upon  which  they  have  proceeded  is  that  when  nitre  is 
added  to  sewage  containing  aerobian  forms  of  bacteria  it  is  readily 
decomposed  into  nitrogen,  oxygen,  uitric  oxide,  and  potash,  and  thus 
furnishes  the  oxygen  necessary  tor  their  growth.  To  secure  such  re- 
sults the  sewage  is  first  cleared  of  suspended  solids  by  a  process  of 
sedimentation,  after  whiL-h  it  in  treated  with  from  two  to  five  grains 
per  gallon  of  mauganate  of  soda.  This  reagent  eil'ects  the  oxidation 
of  a  considerable  portion  of  the  organic  matter,  and  becoming  con- 
verted into  the  brown  oxide  of  miiiiganeae,  falls  to  the  bottom,  carrjing 
with  it  a  portion  of  the  lighter  piirticles  which  have  not  been  removed 
by  the  previous  sedimentation.  The  sewage  is  now  partially  purified, 
and  it  is  claimed  that  the  addition  of  two  to  three  grains  to  the  gallon 
of  the  nitre  at  this  stage  so  stimidates  the  growth  of  aerobian  forms 
aw  to  either  quickly  complete  tho  purification,  or  so  far  complete  it 
that  the  effluent  may  be  innocuously  discharged  into  running  streams. 

As  to  the  time  required  for  the  completion  of  the  process,  it  is  be- 
lieved that  less  than  24  hours  will  Ije  sufficient,  although  at  Dundruni 
Lunatic  Asylum  (Ireland),  where  the  process  is  now  in  operation,  tliu 
time  consumed  is  about  25  hours,  that  being  the  length  of  time  re- 
quired to  completely  fill  the  tank  space  which  has  been  provided. 
The  effluent  after  this  time  is  stated  to  be  clear  and  bright  and  ftl»o- 
lutely  non  putrefactive. 

In  regard  to  tho  cost  of  tho  process,  it  is  stated  that  all  the  man- 
ganese is  recovered  and  can  be  reconverted  at  about  half  tho  originid 
tost.  The  length  of  time  required  for  the  completion  of  the  pn>ces8 
will,  however,  load,  with  allowances  for  contingencies,  to  a  tank  capac- 
ity somewhat  in  excess  of  the  daily  flow ;  and  this  fact  will  be  likely 
to  limit  the  application  of  the  process,  whatever  its  other  merits  may 
be,  on  account  of  expense.' 

•  For  mora  eitenda]  uoouot  >»  PurJCwtion  at  Senga  bj  Microbo.  Eng.  aod  BUg  R«&  rot 
axTli,^ft«(No».  13,  1892). 


CHAPTER  Xn. 


BROAD  IRKIGATION. 


Speciai,  Atplicationb  or  Broad  Irkiqatiom  in  the  UdiTEri  Stater. 

The  opinion  hua  Inion  expressed  frequently  that  broad  irrigatiou  will 

I  not,  by  reason  of  the  large  amount  of  labor  required  aud  the  relatively 

high  price  of  thf  !>£tiue.  be  generally  used  in  this  oouutry,     There  will, 

however,  be  aome-  e\fepti<ii]s  to  this  in  especially  favorable  localities, 

■^nd  in  the  case  of  sudi  piddic  iniatitutions  as  n-syhuns,  alms  Inmsea, 

and   reformatories,  where   labor   may   be  fnruished  by   the   inmates 

without  expense,  or  in  the  West,  where  all  available  water  is  needed 

Hlor  application  to  crops  to  make  up  for  a  deJicient  rainfall,  such  use, 

Bvombincd  with  a  dcHirc  for  si'wajre  purification,  beinfi  describe.l  at 

Hlength  in  Chapter  XIjIV.,  on  The  Use  of  Sewage  for  Irrigation  in  the 

■'West. 

H      Broad  irrigation  is  epecially  adapted  for  the  u>e  of  liospitals  for  the 

H  treatment  of  the  harmless  insane,  all  the  authorities  now  iigreeing  that 

light  out-door  cniiiloymeut  is  the  best  remedy  for  such  cases  that  (ran 

be  applied.     Some  account  of  broad  irrigation  is  therefore  imperative 

|in  a  volume  professiug  to  treat  of  sewage  disposal  with  reference  to 

Hhe  special  conditions  obtaining  in  the  I'mted  States.     Many  phases 

l*f  the  question,  which  have  been  thoroughly  treated  elsewhere,  will  be 

left  nntonehed,  the  space  assigned  to  the  subject  being  mostly  takeu 

ip  with  a  disouswion  of  some  fioints  which  the  authors  deem  of  n'la- 

tively  more  importance  for  American  readers.     Such  short  discussion 

iif  irrigation  as  is  mode  will  be  with  reference  to  the  utilization  of  sew- 

^e  only. 


PiiErARATios  OP  Land— Pn'E  and  Hydrant  System  of  DisTnimmoN. 

In  broad  sewage  irrigation   areae  of  laud  are  suitably  prepared  for 
'  Ihe  lUstribntion  of  sewage  witii  reference  to  utilizing  the  manurial  in- 
gredients in  raisins  crops.     For  this  purpose  a  number  of  methods  of 
Idistributiou  of  sewage  and  preparation  of  irrigated  area  are  employed 
[vhich  we  may  ilcscribe  a  little  in  detail,  tin'  pipe  and  jet  mode  of  di>*- 
13 
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tributtiig  sowa^  Urot  <.-liiiiniDg  our  attentiou.*  In  tbi»  luetlioJ  a  series 
of  pipes  is  IhuI  aoi'onUus  to  "  system  depeuiiiiifj  «i)oii  the  topogra- 
phy. At  sutli  points  IIS  will  permit  of  coiiveuieutly  reiicliin^  all  parts 
of  the  field  tstaii(l-pii>et>  or  Lydiaiits  are  placed,  fitted  with  the  oenal 
voupliug  for  voiiuectitig  hose.     The  sewage  is  forced  through  these 
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«>ith<>r  by  steAOi  jMJwer  or  liy  gravitation  aud  is  distributed  lo  the  sar- 
fa«i  of  the  field  by  means  of  the  hose,  and  when  neeessary  by  the  uee 
*>(  a  jot — the  ntpidity  of  the  distribution  depeniling  upon  the  sIeo  o( 
uiains  autl  anioiinl  of  power  applietL 

With  gravttHtJiin  the  ^Hiwer  will  of  course  be  fixe«)  by  the  beiglit  o( 
the  ref»'i\ini;  t»uik.  int*>  whioh  the  sewage  is  firet  eollivted,  al>uve  the 
area  tu  I>e  irrigHtitl ;  but  lu  a  pumpiiig^  system  (be  power  can  Im<  *a- 
rie«l  (he  same  as  in  any  other  application  of  pumping,  tbe  detail  of 
amuigiug  either  s>-stem  wiU  readily  pr««eDt  itself  to  any  skilfnl  en- 
fcioeer  vith  all  th«  iMt«  boliMe  hint.  In  England  a  lai^e  nuiutxr  ot 
pipe*  distributioo  systems  ar»  to  W  met  with,  while  in  this  (.-onutry  the 
distribution  at  the  VullrMHii,  Illinota.  sewage  farm  feeffeeletl  iu  the 
nine  manner,  (See  Cliapler  XXX,)  As  a  ven-  <>>mplete  sySb'ta  of 
tkis  kind  the  readier  is  r\>fi<n\<d  to  the  descripliou  •>(  a  sewngv  fanti  u> 
Rugby,  Kuglauil,  laid  out  on  thta  system,  as  given  bv  Mr.  K  Scott 
Buni.t 

In  «yst»Bi8  of  gravity  dislributioa  bv  cmrriers  tbera  anp  two  metb««U 

•  »W  alM  tbfun  «■  Uv  U«M  of  DwIhuImc  io-I  Ofliw^  M»  Sn^i  ml  Tbrn^     B>  tl 
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coramoii  use,  nuinely,  (1)  the  ridge  and  furrow  or  bed-work  system, 

showfi  liy  Fijra.  12  find  13 ;  and  (2)  the  catchwtirk  system,  sho\¥n  by  Fijr. 

14.     WliR'h  of  these  to  use  in  any  given  case  will  depend  upon  the 

topograpliieal  features  of  the  area  to  be  inigated. 

The  ridfre  and  furrow  system  is  nitecially   applicable  to  level    or 

inearly  level  land  ;  while  the  catch  work  system  will  be  used  preferably 

lin  irregular,  steep,  or  hilly  ground. 


bt 


ElDGE  A>iD  FxniBOW   SYSTEM. 

In  ridge  and  furrow  work  the  land  is  laid  out  in  a  aeries  of  beds 
bIoiis  the  to]»  of  which  the  irrigating  chamiels  iLi*e  led,  and  from  which 
the  water  tlows  over  the  sloping  sides.  The  ridges  aie  laid  out  ia 
couples,  with  slopes  vjtrying  from  1  in  50  to  1  in  150.  The  amount  of 
slope  to  be  given  in  any  particular  case  is  a  matter  of  judgment,  in  the 
decision  of  which  the  controlling  factor  is  porousness  of  the  ground  to 
be  irrigated.  Common  dimensions  uf  the  bed  are  a  total  breadth  oi 
om  30  to  40  feet,  that  is  a  breatlth  of  slope  on  each  side  of  the  ridge 
of  from  15  to  20  feet,  although  in  exceptional  cases  the  breadth  may 
by  made  considerably  gi'eater.  The  laud  may  \je  uudcrdraiiied  in  ac- 
ordance  with  the  rules  for  underdrainiug  in  ordinary  farming,  the 
Siime  rules  ap|dyiug  in  both  cases.*  In  deciding  whether  or  not 
to  fully  UJidcrdrain  any  given  area,  it  may  be  remembered  that 
e  porousaeas  ol  the  soil  is   always  increased  by  drainage.     The 


-  -•-  .  .  "-■•■- 


'"*'"* '-^ i.;  ■  m: .".  - 


U  Jl       -  *     ^  -^        -^       K     A     *-     •*  ^'^^^    f      *****     .-»•*''     '.* 


Pig.  13,— RmtiE  and  Pduiiow  Beds  with  Croppino. 


jlength  of  the  beds  may  be  anywhere  from  100  to  200  feet,  according  to 
■eircumstauces.  The  tlistribution  channels  along  the  ridge  should  be 
^Vmecuted  with  care  in  order  that  when  full  the  sewage  may  flow  in  a 

thin  film  over  the  edge  at  both  sides  and  so  on  in  a  broad  sheet 


■For  rule*  of  iiDderdnining  nee  (li  Wuing'i  Draiaing  tor  Fio&tHid  Diuoiog  Cor  Health; 
12)  Pnoah'i  Puriii  DiBiDags. 
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over  the  whole  field.  At  the  foot  of  the  slopes  the  farrow  receives 
whatever  water  Las  not  hoeu  nl'sorbcd  in  the  passage  over  the 
l>e*l  uuii  couilucts  it  away  to  another  sind  lower  series  of  beds  or  to  the 
outfall,  as  the  case  may  be  ;  thoiij;h  onliiiarily  the  sarpins  water  shoold 
|MiH8  over  several  areas,  especiidly  if  c-oustructed  with  jtlwot  the  di- 
Bionsioiis  ffiven  in  the  forefroiug^.  lu  order  to  insure  thorough  re- 
moval of  the  water  at  the  foot  of  the  slopes,  and  to  prevent  the  laud 
there  becoming  water  lo^rjred,  the  furrow  shocldbe  made  of  about  the 
8Anie  size  as  the  feeder  on  the  ridge  and  with  enough  fall  t*i  produce 
quick  drainage.    Fig.  12  shows  iu  plau  and  section  the  arrangement 


Fw.  14.  — 47atc«v«ak  Bmu  or  lK»eATint. 

of  A  ridgt*  and  fum^w  s.ystvui  o(  irrigation.    Tig.  13  ia  a  ^enenl  now 
of  a  rid^  and  funvw  s)-st«ui  iu  crops. 

CAn!U«oRs  Smm. 

Bi  Om  Mti^wufli  sytttviu.  which  iM<  8tate«l  is  s)x^-i«n.v  nfhp<fw^  to 
steep  u>d  irrvqmtiur  Und,  \bf  liquid  ix  delivered  »t  tbr  bi^ieet  point 
Ct  (be  ormi.  tha  sam«  as  with  riiltre  umI  fnm>v.  X  Bain  carrier  kB  lad 
alonj:  *'i'' *■ "  ■•■'.  «>»nho  irri^tioii  water  ciKtaM  to  oTorflwr 


ttu>  <>dj;v   l> 


at  various  {)ta«««.     Al  sooM  distance  low 
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domi  a  catch -griitter  is  foimisd  also  on  the  contour,  iuto  which  the 
uuubeorbecl  overflow  of  the  untin  currier  is  cmifiht  its  it  flows  down- 
wiird  over  the  surfjiL-e.  'Die  damiiiiiis:  (it  suitablo  intervals  of  the  lii-at 
«atch-gutter  cuusl'm  it  aytiiii  to  overflow  to  a  socoud,  and  so  ou  down  to 
the  lowest  contour  of  the  iiron  irrigated.  The  detail  of  this  operation 
may  he  illustrated  hy  Fig.  14,  in  which  a  eatchwork  wysteni  is  shown 
in  section  by  the  upper  portion,  luid  in  plan  by  tho  lower.  Let  A  rep- 
resent the  main  L-arrier  at  the  highest  point  of  the  area  to  be  imgated, 
with  just  fall  enough  to  enable  the  stream  to  flow  gently  from  left  to 
right.  The  relative  position  of  tho  gutters  on  the  down-hill  side  are 
clearly  shown  by  the  plan  and  elevation.  The  damming  of  AA  at 
various  points  will  cause  the  water  to  flow  over  the  edge,  doini  the 
slope  b  to  the  gutter  CC ;  and  so  on  until  tho  lower  gutter  JJ  i.-^  finally 
reached.  The  fall  of  the  main  catTier  should  be  about  2  inches  to  100 
feet,  its  breadth  from  18  to  '2i  inches  and  its  depth  from  8  to  10  inches. 
The  gutters  are  made  level  throughout  their  length,  and  on  veiy 
irregular  ground  a  considerable  degree  of  skill  is  required  ijj  order 
to  aticiire  Hu<h  ari'angemeiit  as  will  insure  that  all  ports  of  the  area 
receive  their  due  proportion  of  water. 

As  u  fuilher  refinement  ()f  this  system  of  irrigation  in  the  way  of 
securing  a  more  uniform  distribution  of  the  water  over  the  area, 
immediately  below  the  main  carrier  a  series  of  tapering  carriers  are 
cut  in  the  line  of  the  greatest  descent,  as  indicated  by  the  arrows  on 
the  plan  at  Fig.  14.  These  may  also  be  continued  below  the  gutters 
when  necessary  to  assist  the  ilistribution  on  very  irregular  ground. 


Cost'  of  DisTitiDunoN  Stotems, 

In  reference  to  the  relative  cost  of  the  three  systems  of  irriga- 
tion which  have  been  described,  it  may  be  remarked  that  distribution 
by  pipes  will  Ije  fairly  economical.  In  England  a  numlier  of  such 
eystems  have  been  carried  out  with  the  distiibution  ]tipe8  of  iron,  but 
at  Pullman  vitrified  tile  pipes  have  been  used  with  good  results.*  The 
advantage  of  pipe  distribution  is  that  it  admits,  when  the  hydrants 
are  placed  at  short  intervals,  of  a  more  thorough  control  of  the  amount 
of  sewage  distributed  to  any  given  portion  of  the  area  than  can  be 
obtained  by  any  other  method.  No  general  estimate  of  the  cost  of 
distribution  by  this  system  per  acre  can  be  given,  because  the  itemi^ 
will  vary  greatly  for  every  different  case,  but  as  the  use  of  it  does  not 
involve  any  unknown  conditions,  an  accurate  estimate  cau  be  easily 

•Sm  P»F«t,  Tlie  Pullman  Sewerage,  Jonr.  of  tbe  Amn.  of  Eng.  Soca,,  vol.  i.  IJnne.  1883),  p 
311.     B.r  BeneietU  W[ll]ani>.  C.  E. 

Thp  miwl  of  tbR  ptpo  diirtributlon  nyBtcma  in  Buglmi]  ha«e  been  mule  mther  eipenilTe  bf  tlis 
OMoot  c^st-iroD  diitributioa  maiiu,  eta.^  tho  ooiit  re&ching  freqQCrDtlj  v  high  w  f40  to  $00  per 
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luiilKki'tol  ill  mull  I'tsi-  tiftiT  II  tiiiio^iriiphicaj  map  of  the  areii  to  be 
irrij,'iiii'ii  hux  Inn-ti  imuli'. 

Till'  iiritritml  cost  oi  jiri>|i»mtioii  of  riilf^t-  anl  furrow  work  in  Eng- 
Ittnd  liiis  Unri  fixuii  l?10»  to  ?250  pt>r  Hcre,  Ed^UkIi  prices,  which,  car- 
ritnl  into  AiiU'rii'-iui  prii-t-K  for  IiiUtr,  ivoulil  bo  approsiiiiutt-Iy  from  $175 
to  $45(1  por  iktlv  The  hiUi'r  tijfiirc  liiw,  howevir,  iiirhulfil  the  rost  of 
uxpoiinivt!  iiiiiiii  nin-ii'i-s  of  iiittsoiiry  or  iron,  ami  soiuf  other  itvms 
which  arp  not  eousiilenol  I'ttsciitiul  to  thi-  siiet'<s«s  of  sewage  irrtgiitioii 
at  the  pii'si'iit  thiv.  It  ninsl  Ih-  borix-  in  miml.  hs  n  fumhiiut-ntnl  maxim 
of  Ki-wti;;*'  irri^'ation,  that  whatover  system  of  inigatiou  is  ailopteii  tho 
ttrr)Ui}r<'iiieittM  must  b*^'  siieh  as  to  ubiiolately  prevent  putrefying'  sew- 
DtT"  from  stiuiiiiiiK  in  puthlloa  ou  th(>  ground.* 

•M*  MTVsd.   Amiimit  vklHHk     WlUi  Um  aitKiAiiw  which  luu  boa  gunod  tiaxn  they  no,  bo*- 

Xhr  Moivklty  fur  fckanonUiaf  w«to>v  m  onlibftrv  imfttann  i>pMrsiti>nq  hat  1^4  to  «  ooii«tiiAwble 
aw  uf  pliw  ■)->t«iua  at  'iirtribaWiM  t«  >  BwBbw  ot  luWiuo  in  Ittc  IVni,  m»  tor  i»itiiirii  al.  Lm 
AlH»l»»  Uk)  licinlly  ID  aoMtMn  CkllbntK.  when  oacM  conenta.  nuificd  til*.  u4  tlfU 
wnH«ttil-tfon  I'tpM  Imtv  ban  «aMtatT«)]r  nanl  hit  i)u*  puiiaa.  Tfaa  <d>*  uf  Um*  ■;«(■«■  kw 
iwivnl  In  Ckliforau  ftuui  tt&  t»  tftn  |im  m'iv.  4rpc«4tiic  upon  tin  m»  wrmL  iif^ihicil  mb- 
lUliuBs  *Mi.  TtiK  Kuv  itn.l  ft*  u«  ool,  bonnr.  iIm4.  Mfvpl  iari-lntellj.  in  lb*  na»niM  Inigk- 
IWB  plM*i»  iB  tiM  Wm*.  ifci  If  !■>  »flhi  ■ilitlHii^l  hhiii  imlilliiliiii  nm  h  ■■■  TW^iMtlMti  n 
li  »i>H«J  ftOM  •  cbMU  tsra  >i  iB>«4odi  biHkwt  Ji«<f  d  rfiimllj  (<■  >rrtp«ii«  iMCUsk  Aa 
■a  etMafit*  of  aiKA  »  ilmM  okioh  kM  cuaM  M  the  ^Ihim'  MCkv.  >fae  (Ufindk  iRt^llia 
k.ntnu>«  Bi«Mta«4u<>il  at  Lua  A«C<*"  NV  W  ^I'attanit 

•IU«bWBy'«  Hmfgntttrnk   e»M»  >  •omIkt  oI  mmtol  bista -a  II     |     |  i   iliii  if  hll^li  ■ 
M*  of  vkWk  hm;  ba  ifoolaj  : 

U  pMpatt^  lavl  tu  niwlr*  •■•»*  (bf  CWO— ■  MMaMr  ibiiall  b*  onl  .  .  .  CtaUy 
blMiw*wrtb>i>«amMn>nMf4»g»W«M^  (<v  )>>«■•  bab-s  lw.1^  t  m  wl«  (wriina  aa  lia 
•iMdtM*r>i  IB  n>nvn«r.  wbil*  tribalBn  ewikn <•■  b>  hnswl  «ilb  •  (m^c  <m  be Bhiitf 

Ikak  owiMm  ibiMkU  b>  M  toi^  >Mlfc>.  aa  aa^  w^atoil  bU  iw  b*  ■!«■■■■«  bf 
_  , ...     Ob  (BM*  mbm*  tMni  ■>!(•  MOM*  baa  baaa  ananlad  an  an*  b  aarf 
lMi4KB«  Umb  U»  a  >  .t  A^  ul  IM  hnt.  IB  tWa  «Br  MM*  ttaB  *wU^  >M  Rst  1 
a^iak-B*  bcti.  .  I J      la  •«■*  athH  (saaa  »s4bta«  ^  ban  *^  l>  tba  laB>l 

bnM  l^*  «■>..  >>  <Hi  IB  a  Uonalj  wy     tutmiwam^rtt  nUaf  t^  pi»     Im^- 

Maaiiaai*  ivW  a<L>«Hu  \\vla  '"BC*  "W  ^  Mfeaa  Is  Barf  !■  ahMa  vawi^  ^id  hbt  v 
■wt><libn«iiBib«B*lBatnMB«aMMt  am  v  h  i»  aavn^ribrir  ^<«Ml)*M«B«b»hML 
«lMt«  i»  Btll  ba  Bbuibad  at  ub-m  wnkuM  baL«  •b.t    ■■  i  al  i 

nMUi^  *i<a«^  to  ituwa^  aaKiK  Bail  iliaiaii^  <• 
Mail  Mia  ■<!>»«»«  irf«c«awt—^a^teBa»»*baKTa 


jbiBta  ■■•>.  hwaiar.  W  ikr|>aii«4  ol  — b  at  jiia  BBTlOBa  i 

thumb  «***  *if  *-^^  bIWK ;  bat  kba  taad  N^^M  BOVvMsd.  m4  9  .aly  a  ■> 
Im  ba  bbbI  •*  iirnMHs  >>T~  baBT*  haj ,  at  la  br  ^aaiail  as  la  afi^aial  4ai^-'k»l 
h|fM  IM*  wak  vill  naviav  maw  aawaja  "T^biiai  iibb— i  aaMBOft 


IMiiMfc  awMHlaf 
■wWtbtaaAibB^l 


tk'ar  at  by  Aan*  ili  >ai-i*tm|fciB4  . 

*ari  Bat  BB 


^  hrai  «tll  ban  a  bta  kaat  aial  anJ 
ibarv  »■«>»*  («m4i  aluaaiMt  ta  t6a  ^ 
■r  .kwaw(  akJ  w  baaa   Uv  M^ti  aaa 


Uanfr'n  la  aiuawnj  M  ifial  h^fa 

I^  havbiit  a  i»a«B)M]r  aad  aiMv^  ikviBB  «bAm  ^taM  «B-^a4fl 
(Mn^B  —  aoiMCMlaaWakaM**  i^  ■•«*«•  fin*  Ika  aqpa  i^M  ^  b 

BiW  ba  oBab  BHaW*  ■■■>  «A 
•  iu«*wh  r^pBtad  ka  lb*  BB 

•s  H  «■  fmHtf  Ika  MBBfB. 


COST   OF   DISTItlltCTION    SYSTEMS. 


3:Jt 


The  catchwork  system  has  ordinarily  cost,  for  original  preparation 
of  area,  from  §10  to  §30  per  acre,  English  prices. 

In  Fi^.  13*  is  illustrated  a  ridge  and  furrow  system  witli  main  carrier 
AA  constructed  of  concrete  masonry.  Distribution  carriers  on  tin: 
ridge  are  sliown  at  D  and  D,  with  a  catcli  furrow  at  I,  The  main 
carrier  is  dammed  by  closing  the  gat©  F  and  the  flow  deflected  to  the 
distribution  carriers  by  opening  the  gates  G  and  G ;  from  these  the 
flow  is  again  deflected  over  the  slopes  by  the  gates  D  and  D,  the  por- 


Pio.  IS, — Distribution  Svstem  Appi.iciBr.K  to  Land  with  Uniform  Slope. 

tion  which  is  not  absorbed  finally  finding  its  way  into  the  catch-fur- 
row I. 

Fig.  15  illui^tiatcs  ;t  wystem  which  niiiv  also  be  employed  on  land 
with  a  gentle  sl(>|>e  in  one  direction  only.     By  it  the  sewage  flows 

A  wet  •e^Hoa  doeti  not  iiorr'<,^arily  jnliirp  a  ri'w:l|-c  farm,  if  tlie  nioane  of  reoioTing  ami  consiiin- 
infl  ilie  produce  uretfliml  t«i  th'-  i;™ivth  otthn  erii|j*. 

One  {Imprrlal)  gBlIon  of  MiTjiri-  wtfiglia  10  Ilia.:  -J-.M  e^iH""',  "'  S.'MO  lln  ,  ara  one  ton  ;  23, -1(10 
nlliins,  or  3'-^,0OU  1h«, ,  aT<-  U>U  tnnx  ^jiiliI  tr>  one  inch  iu  depth  fivE-r  one  Hero  of  Jaud,  Ten 
inchei  equaln  I,OUl"i  toa^  and  ly.i'CHi  tmi''  jper  ai-rc  per  anri  nn  ''ijualA  I'jlMnuhea  in  depth,  &nd  thia 
volume  may  be  af-fd  on  we^]-pre|Mre'J  I'md  without  AWJirnpi'^^  it,  an  luiid  will  f:i(«r  suveral  ifichea 
in  depth  per  day  when  the  ^cwa^^e  i^  4>t]<i]il1v  and  evenlv  'JiAtrihiitcd. 

Italian  rye  ^tah  will  dispose  of  mii^T  pewage  nnd  ^vc  h'^avy  cropn  if  the  roota  ore  3'oiing  The 
sreateat  produclug'iion'er  will  lie  in  the  hrat  >ent''  iriovtii.  k  aeconii  .rear  ia  probably  the  utmotl 
jeiiffth  of  time  it  ahonld  be  in  the  groqnd. 

No  Utger  uea  of  Italian  ryp  ):i  au  ahndil  lie  'own  than  the  ^nup  upon  it  can  be  diapoaeil  of  in 
tliB  diittict,  ai  it  will  not  Icep  ixtr  b'^ar  ili-tanf  earriJLg*^  8ewagi' -(frown  ^ra-a  will  make  i^ood  and 
wholeaome  h»r  if  theaeaaon  will  permit,  or  if  the  EraaB  can  lie  arti liii nil V  dried.  i^Ner  rliajilrram 
IJn  of  Silo.t 

To  fiiTe  a  Bcwafie  farm  the  ehanee  of  i^arin?,  the  land  nmit  be  nbtaineil  at  a  reaa'inable  price mnil 
iheooataof  pteparation  moat  be  modTnte  ;  there  mnat  alno  he  reanonahle  akiU  in  croppinfc,  inonlti'. 
vAtion.  and  In  management,  under  whieh  conditions  land  iiriE'tted  with  "pwaue  ought  to  pay  a  rek^ 
•onable  rent.  If  ateam-power  haato  he  naed  for  pumping  the  aewBge.  thi>  of  coime  muat  be  paid 
fnr  in  addition. 

•  FromTth  Kept.  Maaa.  St.  Bd.  Health. 


989 


SKWAGK   DISPOSAL   IN   THE   UNITED  STATES. 


undtT  ixintn>l  throiisli  aocomlary  caniers  ikIoD°r  the  line  of  greatest 
d«si'uiit ;  it  is  ili'tlect<>il  from  these  by  gntea  into  thi'  minor  carriers 
wliirli  lend  from  the  Bocomiarj'  carriers  at  right  angles  across  the  line 
of  jrit>ntest  di'sceut,  ami  overrtowing  the  edgee,  spreads  over  tlie  sur- 
face of  thy  bwils  from  alwve  downward. 

¥ig.  16  illustnttes  a  metho<l  of  distribution  which  may  be  nsed  in  a 

field  with  a  ridge  ruutiing  through  it. 

With  regard  to  secoudary  terriers, 
the  present  pr;u-tice  is  to  make  them  as 
simple  as  possible  aud.  so  far  as  may  be, 
of  a  temporary  character  by  ose  of  spade 
or  plow,  the  advantage  of  this  trt-atiueut 
being  that  when  fouled  by  the  sabsid- 
ence  of  suspended  matter  they  may  be 
purified  by  simply  tilling  with  clean 
earth  and  digging  others  to  take  their 
plaee. 

A  modification  of  the  pipe  and  open 

tsarrier  system,  sui  table  for  mild  climates, 

is  shown  in  Fig.  IT. 

Hl«  osf  or  dais&ifm  uf  these  vnrious  refinem^its  will  materially  in- 

fln«lo«  the  tirst  (<twt  in  any  giwu  c»se,  and  clearly  maeh  must  be  left 

in  the  jmlgmttnt  of  thv  designing  eDginear.* 


n>i  tit.— uiBTHim.TKMi  Srcnui 
Am-ir-Viujc  iu  a   Fiaut  Ix- 


UXDOUUIXDld. 

Xa  dipffjiwiftg  tb*  prvtwuratiou  ttf  ritlgv  mikI  fiim>w  inigatioo  I:khU  in 
llw  fan|KiiBV>  it  ttas  Ihvu  teuarkeil  thai  th^  ontiuary  rules  oi  oinler 
drHiuiiv  max'  be  MKtvmi.      In  the  oas«  \J  heavy  day  lantls.  hoverer. 
(Ml  c:£i,v)>li(W  W  thiti  rule  may  be  noted      Anch  soils  poesees  tlte  pntp- 
i>rty  v4  cT^ckiu^:  in  ilr>-  wvathtv  by  tvssoo  of  tbe  coatraetioii  ot  the  day 
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as  it  loses  water ;  hmioe  tlie  tlioruiigli  ilmiiiiiig  {>f  clay  soiU  is  likely 
to  result  ill  an  iuteiisificatiuii  of  thu  tumleimy  ti>  criiuk.  This  will  W 
apprei;iiitt;il  by  uonsidt^riug  tlisit  iiuib'iiiin.'il  (.'liiy  frequently  rJiows 
cracks  at  loaat  au  inch  in  widtU.  auil  t>(  couaiderable  depth.     "When 
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Biieh  soil  is  underdraiued  the  cracking  is  bo  increased  that  the  applied 
sewage  will  at  times  jiass  directly  down  to  the  drains  without  any 
purification  at  all.  This  practical  difficulty  renders  the  use  of  heavy 
clay  soils  uudesiraltle  fur  suwajre  irritrittiou  when  any  other  soil  can 
be  obtained. 

In  some  cascK,  unf<irtunutely,  heavy  days  are  tlm  only  soils  avail- 
able, and  their  utilization  becomes  in  snch  eawes  a  tpu^stion  of  con- 
siderable importance. 

At  tlie  Wimbledon  Sewage  Farm  near  London,  where  heavy  clays 
are  successfully  irrigated,  the  following  system  has  liceu  adopted  for 
portions  recently  laid  out,  as  described  by  Mr.  Ci'imp :  * 

Till)  surfncpH  wiire  vei-y  carefiilly  levelled  to  ]ii'pTeiit  iiijv  ]Huii!inp  ;  tlio  Iniul  wbh 
ilivii]<.>(i  inl.ii  [lints  of  about  \  acren  by  ninans  of  roads  12  feet  in  ividtU;  under  llio 
oeniri)  of  nacli  ivad  a  drain  wa.t  laid  fit  a  depth  of  ubont.  ti  fent ;  tlie  snrfarf,  prim-  u> 
heiii);  ci'uppad,  was  plongbod  lo  a  dujitb  of  about  'J  ini^hos,  nriit  while  iu  a  rough 
condition,  a  tbitk  cnatinfi  of  screened  town  a.sheN  was  [ilacwl  upon  it  ;  the  oi'iiiunry 
aRrifiiltuial  (Ji'c>mtioiis  foUowi'd,  and.  as  a  result,  a  poroiiN  Hiiifacv  of  iipivaid  of  a 
foot  in  thickness  iia<!  been  obluineil,  Ihiougli  wliicJi  tiif  itpwam?  pawii'K  in  a  iaienil  ili- 
rectiun.  As  the  cr'iiind  i.t  ploughed  every  other  Tear,  the  jiorositv  of  the  Bnrtace  in 
maintftined,  and  the  resultn  have  hitherto  been  Bati«faet(i[-y  ;  certainlv  the  tronblr's 
BsjKirienceii  iu  tiie  oldei'  parts  of  tlm  fiirm  liave  been  alt^iRether  wnnliiig  on  the 
newer  portions.  Tlie  fiirm  iiianaifev.  Mr.  Snook,  reeomrneiuls  oecitHional  sub-i.il- 
ing.  in  addilion  lo  dpep  plouubinfi,  for  elav  soils.  Tbes"  di'ftnrlieil  Hurfaces  will  ab- 
sorb large  (jniiutitiei  of  seivatro,  and  if  the  lii^uiil  be  carefnlly  and  intcrmitlpiilly 
ftpplioil,  "  liitera!  filtration  "  wili  occur  with  ssliafiicfory  resulls :  the  quantilr  !ip- 
plied  per  at-re  per  day  sbonlil  not  exeeeil  20,(K)0  ftallons.  und  with  tbnt  ijnsn'ily 
|iroperly  «p]>lied  it  i.s  donblfnl  if  any  wiiter  will  •■seape  that  hai  not  bi'en  in  neltiiil 
coiilael  with  the  sml.  The  volnme  miybt  ajipear  to  bi'  lart'e,  seeing  lliiil  40  gal- 
lons of  Huwage  per  h<>Hil  jier  day,  ,')0I)  piii-sons  pt<r  aere  would  be  the  nnil,  bn)  it  is 
rarely  the  rane  that  more  tiiaii  one-fiflli  of  a  ^ewaui'  farm  is  under  irrigation  at  any 
one  period. 

*  SiiwB|;e  Diipuwil,  p.  lUft 
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LuiKiATION   PRA(TICE. 

The  process  of  sewage  ini^nlion  consists  in  Hllowinfr  tlip  sewage  tii 
flow  intermittently  over  tbo  oiirfjioe  of  tliu  lauil,  for  a  fi'w  bouis  at  a, 
tiuiei  the  interval  between  pc^riotls  of  flow  bein^  regulated  by  the 
necessities  of  tut>  crops  raised.  Some  crops,  as  for  instance  vegetables, 
will  take  considerable  amounts  of  sewage  at  tfitaiii  periotU  of  growth, 
while  latfir  on,  when  maturing,  the  sewage  needs  to  be  kept  entirely 
off.  This  principle,  moreover,  is  not  applicable  to  sewn-^e  irrigatiou 
alone,  but  ajiplies  to  any  kind  of  imsjatiou  whatever.  Tlius  the  Cali- 
fornia fruit  growers  hiive  learned  as  the  rosiilt  i.if  experience  not  to  Ir- 
rigate orchards  after  the  period  of  rapid  growth  has  tiikeii  place :  they 
find,  by  stopping  the  irrigation  when  maturity  begins  that  the  final 
result  is  a  hard,  crisp,  juicy  fruit,  as  finely  flavored  as  that  grown  iu 
the  most  favored  regions,  where  irrigation  is  unnecessary. 


Sewage  liiiuoATiox  Fallacies. 

This  esperience  of  the  California  fruit  growers  is  specially  referred 
to  because  there  are  some  fallacies  in  regard  to  sewage  farming  Moat- 
ing about,  which,  while  esploiled  many  yeai-s  ago  in  England,  where 
they  mostly  had  birth,  are  occasionally  cropping  np  in  this  country 
with  as  much  vigor  as  tliongh  they  were  new  discoveries.  Onei'f 
these  is  that  vegetables  from  sewage-inigated  farms  are  of  ue«>s«iiy 
watery ;  another  is  that  cows  fed  on  Bewage-grown  grass  give  Icm 
rich  milk  than  those  fed  on  onli nary  grass:  and  it  tliird,  which  mftv  li« 
considered  a  curolhiiy  to  the  first  two,  that  sewage- grown  products 
are  less  healthful  than  those  from  au  ordinary  farm.  In  regard  to  aJ! 
these  points  the  English  experience  is  (imply  sufficient  to  deinonstrat*' 
that,  with  proper  management  of  the  irrigated  areas,  no  difHcnlty  will 
b»'  found  in  si'curiug  proilncts  which  are  fairly  equal  to  those  from  or- 
dinary farming.  In  considering  the  I'eal  significance  of  much  of  the 
popular  discussion  of  the  valne  of  sewage-grown  prodtice  wliich  hits 
taken  place  in  England,  it  must  Ih;  remembered  that  in  the  early  daj-s 
of  sewage  purification  very  estravagiuit  views  were  eulertuincd  in  re- 
gard to  the  value  of  the  sludge  to  be  obtained  from  chemical  purifica- 
tion processes  for  nmnuriiil  |>urpi)s-s.  Thcliflicultv  of  so  utilizing  the 
manurial  elements  <if  nntreated  sewage  in  farming  operations  as  to  rft- 
tnm  a  commercial  profit  was  realized  at  an  early  day,  and  larg*" 
amounts  i)f  ciijiit.al  were  embarked  in  chemical  pmces'seH,  nejirly  all  of 
which  wiTc  eithir  .-iccret  or  patenleil.  The  irrigation  processes,  on 
the  contnirv.  were  uiiprolecteil  by  patents,  and  iu  the  fiereti  commer- 
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ci»l  colli jH-tition  which  eiisuei]  many  stutemeiita  in  regwrd  fo  tht-ir 
■  atility  [msHeil  lun'ent  for  ii  time,  which  are  not  sabstantiated  iu  the 
[light  of  iiitur  ojiperieuce. 
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Bei-obt  of  the  Sewage  of  Towsr  Commiswon. 

Qtiostioiia  ill  relation  to  the  benelit»  whii'h  may  he  derived  from 
properly  (jonducted  wwa*,'*?  irrigation  wert>  ]>robiil>ly  more  thoroughly 
disiiussL'J  in  the  thine  reports  of  the  Sewivgo  nf  Towns  Commission 
thau  in  any  other  place.*  This  (Jommisision,  as  originally  coDBtitutcd, 
consisted  of  the  Karl  iif  Esses,  Henry  Ker  Seymcr,  Robert  liawliusoii. 
Professor  Way,  J-  B.  Lawes,  Dr.  Southward  Smith,  John  Simon,  and 
Henry  AuBtiu.  Air,  Bninoll  was  also  appointed  on  the  Commiseiou, 
but  wa«  mibsetjuently  relieved  from  .nerving  on  request.  The  Comniif>- 
Hioii  begin  in  their  Brst  report  by  giving  a  resume  of  the  mure  salient 
questions  of  sewage  purification  of  the  day,  as  the  result  of  which  they 
state  that  they  have  arrived  at  the  foHowiug  conchisiouB  : 

1.  That  tliu  JncrenNiiii;  polltiliuti  of  tbe  nvers  anil  Blrcaiiia  of  tlio  countiT,'  in  an 
*vii  of  nulioniil  iiiipin'Iiiiice,  "'liii;ii  iii-i(eiitly  ilciimnds  tlie  iippiiealion  of  lemeilial 
tneiwiiiT^i ;  l!ia(  liie  iliniiliai'!!"  '•!  >^f*!ige  nnil  uf  lliu  noiiims  ivfiise  of  facltiiits  inlo 
tlii<ni.  is  a  HouL'i'i'  of  iiiiLHutK^i'  ami  ilaiijftT  to  licnUli  :  tliat  it  a(;ts  jiijuiioti'^Iv'  not 
iinly  on  tlii.'  Io<'»lirv  wIrtp  it  oi'uiun.  but  iilsn  on  the  impiilalioii  of  tliti  ilisliiL'ts 
tlironjrli  wliii-h  tli.'  [iiilliafil  I'ivei-H  flinv  ;  tlmt  It  [loisnns  tlip  water,  wbii-li  iu  rnaiiy 
cases  toi'ius  tl](!  -ii>lo  sn|i|ily  ni'  iLi-  |ii>|iiila!ii>ii  fm-  all  iiiupwi's,  inclniliiii,'  iJiinkiiij4  ; 
tlint  it  ilesli'iiv.*  rill'  li^li.  ami  i^fn'Miillv  iliat  it  impaii's  llii>  vn]iu>  anil  the  natinnl 
advaiiliisw  (li'H >■■•!!  from  I'ivpis  ami  ^lipntin  of  watpr. 

2.  Tbiit  llii.s  evil  iiiis  lursfch-  iiinwispil  iviili  tlie  Rrowini,'  cli'unliiicBs  aii.l  internal 
im|iiMvemi'nI«  of  lowns  an  rpi,'«rils  wati'i-snii]ily  anil  iiraiiia;;<' ;  liial  its  im.-ieasi'  will 
ciniinne  lr>  lie  ill  ilic-.'ci,  jin»|ioi'tion  to  hiicIi  iiiiyirovemoiilK  ;  ami  that  «-■*  tlu'se  ini- 
|iri>veiui'HtH  hvk  yyt  wry  |i^iitiiil,  tlie  lillisuini'o  of  Ki>\Viij;p,  alrfailv  very  s.iisilily  f>'lt, 
!»  (■xirciintlv  sliKlit  a'-  comjiareil  to  wlint  it  will  becume  wben  sewago  aud  Jmin- 
•ge  WiH-Iti  biivi-  Ijpcii  iMiiii'i!  iiit<>  full  iiff-jpl. 

;f.  TImt  in  iniiiiy  tnivns  nu'iiHinot  tor  iniprmed  wnlci'-siiinily  and  drainnKii  nre 
retiirili'il.  from  lb(>  ilitlii.'ulliiw  d[  c]is|iofiing  i..f  Ibe  ini-ivti-seii  .siniaRe  wbirli  vi.'siilta 
fiimi  tb>-in  ;  tlint  tlm  litiv  u'bicli  i't>^nbiti'<  tbe  ri(;1it.s  of  i.iiilfall  in  in  un  anonmloiis 
»ii<l  uziilf  liiK'il  I'onililinii  ;  that  JTiilicial  ilpcisioiis  of  n  L-onflii'tin;;  t'liaiaotir  iiiivo 
hfi'ii  miivnil  nt  tii  liitTpiviit  insliuioes,  iinil  IIjiiI  conicqiiBiilly  l!ie  autbontioH  of 
towHH  liavi!  conatanlly  liofore  tbeiu  tlie  fpur  of  ImiiiKsint;  liiiKalinii 

4.  That  the  motlioda  whieh  have  Iippu  iiilo|it>?il  Mirli  ihi.'  \-i>-iv  of  ileiiliiig  with 
*ewiii;e  iirc  of  two  kinils  :  tho  one  lM>inK  'hf  ii)i]ilicalion  of  iLi'  wholf  sewage?  In 
laiiil,  and  tbo  nt!ic-r  thiit  of  treatini-  it  liv  ■■bemii'iil  jiiwessps,  to  Hejiarate  its  mo«t 
(itTfiiiivi'  [lOKiunK  ;  that  the  dirti'l  ji)i|ilii'iition  of  sewiiffp  to  land  favornlilv  situated, 
if  judirion"h'  nirriBd  ont  and  confined  lo  a  miilahle  aieii  i?schi''ivp|y  frig's,  iw  |irof- 
ilaliin  lo  )iei->.on-i  so  Pini'lnyiiif;  ii  ;  that  wlieie  Ihf  conditions  aiP  uiifavoraldp,  a 
Eiuall  (laynidnt  on  tli<>  |mit  of  tli.<  local  anilioiiiies  will  ii'stoii>  Ihu  Imhinci'. 

j.  That  tiiiH  niotliod  of  Kewniri'  a]i)ilicatioD,  conducted  with  nioderato  mi'i>,  la 
tiot  product ivp  of  nuisance  or  injui  v  to  health. 

fi  That  when  ciirumstniicps  jupvpiit  the  disjiowl  of  scwn-rp  I'v  direct  npidicnlion 
lo  land,  the  iiroi-cssi'R  of  prci'ipit;ilioii  will  iti*-  ally  aniiilii>i*iilc.  anit  pviir'ticully  oh- 
viate,  the  evih  of  newiino  ontfalU,  e.>i]iecially  where  there  are  hirjje  rivers  for  the 
di«char^  of  the  liiiiiid  ;  that  wiich  niptbods  of  trcatiiiK  sewftyc  do  not  ri'tiiin  more 
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Ihtui  %  small  portioD  ol  the  foitiliziiig  m^ler,  ind  that  *Uliou^-b  iu  some  ntse«  lfa» 
Eftle  of  Ihe  uiiinnrp  nmr  repa;  the  cost  o(  prodnctioo,  they  mn  iiol  likely  lo  be  srw- 
CMwInl  as  jiritnli'  bjiPculiiUous. 

7.  Tliat .  L-i-mHidfreil  mcrelv  as  tLe  meena  of  milig>iin|;  Ibe  iiniiduiit.  tlicae  ine- 
cipitaling  pr<<fe».pK  ai«  Hatisiaclorr ;  tliat  the  coat  of  Iliem  in  &nT  ais«  is  sncii  u 
town  {lopnlatiotiH  m^iv  i«asoiuibly  be  called  npon  to  meet ;  thai  iht  ueccesatT  vorka 
neril  not,  if  pri>i>erlT  coudncteJ,  be  a  soarce  of  Qnisance  ;  autl  that,  by  modUlca- 
lii>ii4  iif  the  existing  methods,  even  tlie  Hlighte«t  risk  of  nniauiee  may  be  entirely 
obviated. 

&  That  the  umployment  of  tbe  one  or  other  method  of  disponing  of  cewage,  or 
«f  both  itminiued.  must  depend  npon  loeality.  levels,  niarkel«,  and  •  Tsiiety  of 
oilier  circomatAuoes,  and  that  the  case  of  each  town  mnat  be  eooaidered  apon  ita 
own  pecnljarities. 

9.  That  there  is  gooil  ^ronod  for  belierin);  that  the  methods  yet  pnipoaed  for 
dealing  trith  stevage  are  not  the  best  thai  ran  t>c  deviiied.  and  tluU  fnrtber  inreBli- 
galton  will  probably  result  in  the  discorery  of  prooesses  roorf  tboronghbr  equ]  to 
the  sitpfiri'SGion  of  the  iiuisani^e,  and  at  the  xatne  time  cttlenlated  to  gire  more  Tal- 
nable  products 

10.  That  the  magnitude  of  a  lown  presents  no  ival  difficaliy  to  tfa«  eflbetval 
treatment  ol  ita  sewage,  provided  it  be  considered  as  a  collection  ol  aiaalUtr  tovna. 

Iu  their  seoond  Report  the  Sewage  of  Towns  Commission  state 
that  a  oommitt^e  of  memliers  of  the  Commissiou  personally  visited 
and  ex»iuined  a  ntiml>er  of  rivers  and  streams  which  are  reported  aa 
seriously  polluted.  They  also  state  the  result  of  examioing  various 
uhemif^d  processes  of  purification.  tog>>ther  with  statement  in  detail  of 
the  n^sults,  to  the  date  of  the  seinind  Rejvort,  of  the  series  of  experi- 
lut'iits  carrii^l  out  by  J.  B.  lAwes  at  Bngby,  hj  onler  of  the  Commis- 
sion. 

The  object  of  these  experiments  is  stated  as  being  to  determine  bo 
far  as  (>os8ibIe : 

I.  Ttie  aaMWtt  aad  «ni>)XHitiati  of  the  pradoee  in  TvlatJOB  lo  Ibe  rohune  at 
water  Btin>lied  lo  tiw  land  by  inigatiaD.  U>  the  aunnnt  of  maaaiia]  BMotitnealx 
M>  applied,  aad  to  the  population  conlribntiDg  ike  nanorial  entutitaieBtB  of  thr 
«at«r. 

i.  Tbeiaoettifo&table  method  of  applying  the  pradnor,  that  is.  whether  it  '4icniU 
tw  BS«d  in  the  grran  state  or  as  on^  ;  whetbec  for  Ibe  pnidactMCi  ••t  nUk  or  as 
BMBt ;  and  whctlier  it  shotild  be  coasiuimmI  alone  ot  in  conjnactiua  willi  olfMr  fiwil. 

For  the  pnriMHe  of  the  esperimeuta.  two  Gelds  of  fire  acres  and  ttm 
a«T\-s  an-a.  rt>siMH-ti\eIy,  were  selt^-teil,  and  each  diriiled  into  (oar 
equal  [larts.     The  four  jilols  of  cat-h  field  were  treated  as  foUuws: 

PUrt  1.  without  s.wa|re ;  Plot  *  with  3.00O:  Plot  S,  with  B.O0O;  and 
Plot  4.  with  9.0i>0  (loni;!  tons  of  sewmre  per  atre  per  anomn. 

Ill  Tabh-s  N.w.  &4  and  55  are  sivm  some  »rf  the  icenhs  of  the  ex]>eri- 
nieiits  on  the  two  fields.  Table  No  54  shows  the  luaotint  oi  ^ra.-* 
ruiseil  on  each  of  (lio  four  pbrts  ft>t  the  years  ISlil-lMAS.  Tabh-  No. 
55  is  se1f-explanator>'.  Table  56^ves  the  results  of  a  -ierii-s  of  t^tlwri- 
mciits  in  tecdinsT  st*ac'  irras^*  lo  tuili-h  i-«iws.     '1  ■  s  in  TnMe 

&4  ha«e  lieen  rrtluc*-*!,  fix'iu  lotiiT  toiLs,  haDdtviIw :.  .,;iartet8,  and 

ponnds,  to  an  eqnixaleut  in  pooitds,  fca  ooovwiieuoe. 
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Tablb  No.  .14.  —  Rbsdltb  of  Tbkbb  Ybaus'  Exi>ekimbktb  at  tuk  Sbwaqb-Fuiii 

IN  BUOBV,  Emulahu. 


P]v«4cra  flu^il. 

Tan-oeia  aald. 

r«r. 

WilkDul 

With  Kwnii. 

WlUUKIt 

•swige. 

WIUi  •mtn- 

L«l 

Lots 

S1,SJ4 
0II.GI4 

Lots 

0O.Bi>« 
78,*JI 

Lm4 

Loci 

Lot) 

IdtS 

Lot4 

1H.HM 
ll.lNtI) 

TS.M14 
TI.TM 

70,4)4 

i9.ni 

SU.MA 
18.UW 

as,47H 

BI,73II 
MUM 

Bl.tNB 
T1,!M0 
SH,gOO 

BB^kB 

Bti.Tm 

TO.BSi 

TS.SST 

1S.7» 

48,GW 

71,044 

u.ves 

M.M6 

Be,SB4 

Table  No.  55.—  Pkr  Cent,  of  Dbt  Substancb  in  Chops  Raibbd  on  ExpEBiMtif- 

TAL  Fields. 


Nnmbar  of  crop. 

Flra-un  Add. 

Tcn-ncn  Bcld. 

WJtbom 
1 

ST.O 
94.4 

With  HinsD. 

WltlMnt 

wiib  Hwia'. 

S       1       S 
SOS        M.S 

lu.s   '    14. a 

13.4         IS.T 

111  4 

4 

1 

a     1     ' 

1 

4 

1. 

IMl. 

1T.7 

10  .S 
1».B 
V.t 

IS.D 

10.3 

III.4 
14.1 

IB.S 

10. S 
17,8 
17. H 
11. B 
10.3 

is.u 

tt.O 

.... 

1 
SB.s  :  n.4 

17.1     1     10.1 
11.0    1      7.S 
IB.V     1     IS.l 

ie.4 

10.1 

14,4 

17  B 

4 

tiMB 

IT  « 

9S.T 

n.s 

34. S 

30.1 

84.4 

30. S 

11  1 

14  .G 

10.0 
17  .B 

».4 

S>8 

'     18, 1 



1     "_^" 
19.0 

IT.S    ]    14.7 

1 

in.s       IB. a 

IR.l     1     lU.O 
14. B    1    14.4 
....     '    S».B 

10.4       is.n 

15.0  '   »  0 

IT,7    ;     10, a 

11.4     .     14.0 

18.0 

10.1  10.1 

10  T 

1  . 

I  sua. 

11,8     1     14.4 

n.n  1  10,4 

18  .V    1     1S.» 

18.4   '    M.n 

11  S    '     17.0 
IH  A    ;     14. H 
IT  T    !     10.9 
IS  8         in  II 

1^1  1 

1 

10  T 

S. 
4. 

10. S 
48.8 



IB  1 

1M3. 

14  0 

IH  8 

IBl 

IS  6 

IH.4 

14.1 

IB  0 

In  the  third  report  the  di^cuRsion  of  the»e  experiments  is  con- 
tinued, and  the  Commission  gives  in  detail  the  results  obtained  from 
definite  areas  treated,  under  the  following  heads  : 

1.  Quautitiea  of  sewage  apiilied  anil  of  green  produce  obtained. 

2.  Experiments  with  Italian  rye-gi-aas. 

5.  Eiperiments  with  fattening  oxou. 
4.  Experiment  with  milliinft  eows. 

6.  Com]H>aition  ot  the  Rngbv  spwiikc  water. 

6.  Estimated  compoHition  of  Metiopolitan  sewaRe. 

7.  Com  position  of  the  Rngbj  dminage  water.     (Efflnent.) 
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Tablk  S>\  .Hi.— ReaL'LTa  of  PiiEDiNa  Unsbwaijkd  ash  Sii:wAaED  Grass  to  Mium 

CUW8. 


■ 

Cuwft  fflJ  □□ 

^rtfui  ■Idua. 

mHii  at 

fDDr  ^jnplBfk. 

cnuv  nnil  nil' 
M. 

1 

nivdn  af 
Dini^  ramplflfi. 

me»Tl  of 

B>«wrL 
mHD  of 

S.t41 

S.4M 
4.  IIS 

11  tw 

8.») 

4.eei 

3.*m 

8, TUT 

0.T71 

11108 

n.iM 

IIM. 

it.sio 

is.iwa 

tnne 

100. 

100. 

IM. 

8.  C'cinpOKitton  ot  the  unne«-ft{reil  and  aewngc-fl  grnsa. 

9.  Effects  ot  Hewngp  on  tlif  mixed  herbage  of  giiLj-s-lniid  in  developing  the  mote 
fi-eely  plowing  at  tlie  exjiensi'  of  tli>?  lens  freely  growing  plants. 

10.  Com|)osition  nt  tlie  milk  yiclilpil  fioui  lliy  itnsenaged  and  wtwaged  grass. 

11.  Kx]>i^niiii'LitH  iif  ilu'  u|i|ilic.'aiii>n  of  si^wage  to  oats  in  1863. 
13.  JVliacelhiueou^  le.snlts  obtained  in  lK<i4. 

All  tlie  qnesfioiis  formally  emimevated  in  tlie  foregoing  are  dis- 
cussed ill  tht:  Report  ill  detiiil,  finally  followed  by  a  (iiirainH.ry  in  wliicli 
the  lUiiiii  |)oiiitH  ill  the  discuMsioii  iii'c  wiHeiitly  presented.  The  report 
as  a  wbolo  I'liniislieH  tlit>  most  eoiupletf  informatioii  ou  the  subject 
treated  that  has  thus  far  heen  given.  The  more  useful  portions  of  tlie 
wuuimai-y  me  n.s  follows : 

1.  As  tliei'e  in  II  dnily  siijijily  t>[  t,ewaae  llie  yt-nr  ronnil.  nliiob.  on  sanitoiy  and 
engineering  grounds,  it  i.i  cKni'iitiii]  Ici  dispose  of  us  kood  as  it  ix  |ii'L>diit.'cd.  ny.H  an 
pHBxing  it  over  Iniid  is  Ihn  licit  ni'^di'  l)ol)i  uf  iiiirifyini^  iind  utilj/jiig  ii.  it  slionld 
lie  pni|ilnyi'J  tor  pui-|«)n.iH  of  iirL(;uIi'in,  nud  Iv  inijilieil  iu  winter,  when  of  conijur- 
ativwlv  little  valne,  us  whII  as  in  snuiuier,  vihen  of  mure. 


1 


BESri-tB    OBTAINED  ON  THB  APPtlfiATIOS    OP    RBWAOR   TO   MEADOW    »M>  ITALIAN   STK- 

OKAKS. 

ti.  By  the  a)i|ilit^nlion  of  eewage  to  grafui  land  dnniig  the  winter  tnonthti  n  very 
early  rnt  or  liile  of  (ji'een  food  may  he  olilainr-d,  Imt  the  anionnt  of  iiiei-enRrd  pro. 
duct,  dill'  lo  thi>  niiilcr  applicriition  is  (■•iiii]>iini'ively  small  for  the  atnimut  ul  iwwttgo 
einpl'ivfd. 

3.  Tty  ni'>an«  of  rvw»j(<:-  irripalion  lln"  |>»riiid  during  whii'li  hti  (ilmiidniice  nf  green 
foT'd  wa.1  available  wah  extended  roiiniib'nibly  nl  ihi<  t'lid  n»  well  n^  ul  llie  begin- 
ning of  the  seinon,  and  the  more  so  (he  larjier  Ilu'  qniiiitily  ot  seviage  applied,  al- 
most lip  In  the  higliest  amount  employ ed  —  naiiudy,  '.l,iHK)  tons  piM-  an'e  * 

■1.  Otii-  of  Ihe  experiuieiiiHl  flchl*  Kavo  much  le.'^s  prodnei'  j^er  iicie  « ithonl  sew- 
age Ihan  llie  other.  Hiir]  unaly^ia  allowed  itn  soil  to  lie  miii'Ii  lesn  iiuliiriillv  fi-rliUt; 
but  it  pavH  fnlly  iih  nmrli  pii.diiee  ]ier  ai-re  nuder  the  iuflueiiee  of  liberal  iln^wdDg^ 
of  sewage  at  ihe  naturally  inin-h  more  fertile  soil. 

*  It  will  Ik  undctBtiH")  tint  in  Uiin  iiaotatiun  Inn);  ton*  l'2,2W  |H>unil>i)  uo  mMOl. 
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KKl'ciliT   UF   Tilt:   SKWAtiK  Of   KUVXS   CIIMMISSIUX.  "ibtf 

S.  Taking  llip  avemge  over  tlii'ee  jears.  anil  in  the  two  lipids,  tlie  uuioiiut  of  pro- 
duce ol)liiiLK'il  "iliiijut  Bewii(;e  wiis  aliout  !')  Ions  ol  giuon  jjriis.s  |>er  Here  jicr 
aniiiiiji.  cqiiiil  iibuut  3  Ions  of  liuy  ;  anil  iviili  y,IMHl,  t.i,U(i().  tiiul  SI.JJDH  luiis  oI  sewage 
peraDuuui  tiie  iLiiiouuts  wtre,  leKiiectiVfh",  tiboul  22},  -Mi,  uiiil  H'Z^  touu  of  giteii 
gnus— oiiuiil  vesjH'Utivelv  (leckoiieii  aecoiiling  to  tbe  poifeiitage  of  dry  Bubslaiice 
in  eiLi.-li)  abont  i>.  5}.  mid  li{  tuu»  iil  liay. 

0.  Tiie  Lii'^Ksl  i|iiiiiiii(iea  of  jnudLiet'  per  acre  were  obtniued  in  the  third  year  i>f 
Ihn  •^xiidLiiiiyiLt'',  :iiid  Willi  'J,Ol)U  Inns  u£  aeivage  |«i'  acie  ]iei'  annum ;  nuiiioly,  in  oiie 
Sold  Ho  tiius,  n,nd  in  tlie  otiier  '67  tun.t  uf  green  gfass,  uqual  resiiectiTelj  abont  H 
tons  IJ)  c-w[tt.|  mid  7  tons  1  cwt.  of  liay, 

7.  Tlie  avemgp  iiieii'iita  obtuiiied  fin  encli  1,000  Ions  of  sewiige  was— nheu  3, (KM) 
tons  ]>ei*  ai'ie  jiei*  aiinuiu  weie  apidied,  about  &  Ions  of  [riven  giiiss ;  when  (J.IMIO  inns 
wei't!  a|>)'liL>d,  i  tuiiB  2^  uKls. ;  and  wlieu  9,0110  tutm  weie  appiied,  3  tous  3^  cwtH.  of 
given  Hii"'- 

S.  Tlie  iiniiiiiiit  of  pvodiice  per  aero  wan  tbe  greater,  tlie  greati^i'  tbe  qnnnlity  of 
sewagi*  a|i|i|ieil,  up  to  i)|(HK)  tons  ]iei'  acre ;  but  tbe  amount  on  inerease  of  ]ii'oiliice 
obtained  foi-  a  given  amount  uf  .senage  Vi'iia  tbe  less  wliere  tbe  gi-euler  amoiintn  uci*e 
applji-il, 

II.  Experiiiienta  with  rye-gmss  W(»i*c  uinde  in  one  spason  only,  Kewago  was  not  ap- 
plied until  tbe  end  of  A|iiil,  nud  <:i im pa la lively  small  quantities  were  put  on.  Tbe 
results  HO  obtained  iuiUeiited  uuicb  about  tbe  oaiue  amount  of  iucieuHe  uf  produce 
for  a  given  amount  of  sewage  as  witb  meadow  grass. 

BESCILTS   OBTAINBD    WTTU    FATTENLVO   OXEN. 

10.  When  cut  and  giren  to  fattening  oxen  tied  up  under  cover,  more  sewaged 
tbiin  nnsewugeil  gi"ass,  reckoned  in  The  fritsb  or  yreeu  slate,  wan  bulb  eonsunii'd  by  a, 
given  weifjht  of  animal  within  :i  given  lime,  uud  ryqiiiicd  to  priMluce  a  n'ven  weight 
of  )iicr>'usi> :  but,  of  real  dry  or  solid  HiibvI.uTice,  leas  of  tliat  of  the  BewBged  Ihuu  uf 
tiie  uniewaged  grass  was  lequired  lo  jii'odiice  a  given  effect. 

11.  When  cut  grass  was  i;ivoii  ahiuf  tlie  result  waa  very  uusalisfm-tory  ;  but  wbon 
oilcake  wiw  givcii  in  addilion  the  amount  of  inirrease  upon  a  given  wei^ilit  of  animal 
within  a  given  time,  anil  for  a  given  amounl.  of  dry  subtttaiice  of  food  consiuned, 
vm  not  far  short  of  the  average  result  obtained  when  oxen  are  fed  under  cover 
on  n  gniHl  mixed  diet. 

13.  The  money  return,  whether  reckoned  per  acre  or  tor  a  given  amount  of  aew- 
^  age,  was  much  lesa  \vith  fattening  oxen  than  with  milking  oowb. 

BSBOLra   OBTAINKD   WTTH   UILEINO   OOWS. 

13.  When  cows  were  fed  on  unspwiigcd,  or  sewaged  gi-nss,  as  much  as  they  clinse 
[  to  eat,  a  given  weight  of  llie  animal  wan  moif  piiKhn'tivf,  both  of  milk  and  in- 
fCrea.'ie,  bnt  os]iei'ially  of  milk,  on  the  un>ewns('d  llinn  on  lln>  si-wnnfd  gniss. 

14.  From  II  (livi.'n  wpifj;tiL  of  ntwi'Wagcd  glass,  reckoned  in  ihe  fresh  or  green 
[itluie,  iiioru  milk  vvim   pmduced   llian  from  an  equal  weight  of   fii'sli  sewagcd  grass  ; 

bnt  u  given  wi-i;;lit  of  the  dry  in-  snlid  snlistaiice  Mi[iplicil  in  sewajsed  grass  was  ou 
1  llie  average  luoi'o  piiidiie:lvi'  than  an  equal  woi.ylit  Kiipplicd  in  imsewagpil  gnis<;. 

15.  Til-'  niilk-priiiiiiemi;  qnaliiy  of  ilip  grass  was  very  diffi-renl  in  dilleient 
[•(MlMon',  and  at  dilFereut  periods  of  Ihe  same  seasr.n.  It  was  vei-y  infeiior  in  the 
.  Wet  Bilii  Doll  neilsous  of  iWl.  and  toward  I  he  i-lose  of  the  scn-oMs  i\n  coniimred 
I  with  the  earlier  periods.       It  !i|ipeai'«  piolmlile  that  Italian  lye.grass  detemimteB 

l<vi4  tnn'uril  the  end  of  a  season  than  ineoduw  grass.  On  the  average,  about  six 
part*  by  weight  of  fieslt  gia-s  yiebled  one  part  by  weight  of  milk. 

10.  By  llie  aid  of  sewage,  Ihe  time  Iliat  au  acre  would  keep  a  cow,  and  tbe 
(Unount  of  milk  yielded  from  the  produce  of  an  aci-e,  were  increased  between  threo- 
and  (our-fotd. 

IT.  So  far  as  the  results  of  the  expeiimenln  afford  tbe  means  of  jadging,  itii 
Mtimated  that  with  an  application  of  about  5,000  tuna  of  sewage  per  fuire  pet 
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snniini  to  uienilow  land,  nn  average  gross  produce  of  not  less  Ih&u  ],00(i  guUoDS  of 
milU  per  atitv  jujr  aimmn  mav  lie  expected, 

IH.  lu  t-xjienuients  conilncted  nitli  llnliuu  lye-graas  (but  lit  one  HeiL&ou  0&I7), 
luoie  milk  uus  ubtuiueU  bv  tbe  use  of  a  given  amouut  uf  sewage  aiiplied  lo  it  tlum 
lueudow  jri-uas. 

19.  Witb  an  aiJiilicatiou  of  about  5,000  tnns  of  uewage  )>er  acre  per  ntinuni,  an 
average  gross  retiiiii  of  fi  oui  iiOli  Ut  35ti  per  acrf ,  iu  milk  at  8d.  per  gallon,  msj  be 
auticipated. 

fOillVISITIOS    OF   THE  RUBUV   SKWiUB. 

JO.  The  nieiD  of  93  analyses,  ot  oh  many  saniplee,  of  tlte  Bngbj  senoBre,  collected 
ovet  a  period  of  31  niontUs.  sho\is  6j  grains  of  ammonia,  and  bTj  grains  ot  IoIaI 
!H>li()  matter,  i>er  gallon:  eqnat  lo 'JOTj  lbs.  ol  total  solid  uialtej  )>er  1,000  lonB. 
Or,  taking  the  mean  of  llie  avcnuie  cumiHwitiou  tiied  bv  tlie  analvEes  for  each  ot 
tim  31  mourUs,  IuMl-oiI  of  ibu  Uiri'i't  mt-un  of  iLe  loluJ  93  aDaly!>e!>,  tbe  average  con- 
tent'' would  be  almuht  exai'tly  T  grains  of  nmnionia,  and  921  grains  of  total  M>tid 
matter  per  gallon  :  eijiial  to  'J'H  lb*,  or  2  cwts.  of  ammonia,  and  2,1)60  Iba.,  or  abont 
26i  owts.  of  total  solid  matlrr.  |>er  ],(KHJ  tons, 

'.!].  Allliongli  eacli  sample  HnalvKtd  wuii  the  mixture  of  poitions  taken  everr  two 
or  (hree  hours  for  tseveial  davs  lopether,  the  variation  in  coni|HisitioB  at  different 
tim«»  was  verv  gi-eat  ;  the  amoant  of  ammonia  vaiying  in  ibe  iliffercnl  miied  aaui' 
pb'H  from  2|  lo  about  15^  giuins  ixr  gallon,  or  from  8I4  lo  OOOj  lbs.  per  1,000  tons, 
nhilsl  the  total  solid  matter  vaiied  from  about  37|  to  about  270  giuins  ])er  gallon, 
or  bom  1.20;i  to  S.Kl"  lbs.  per  l.tKK)  tons. 

'22.  I.IKM)  Ions  ot  tlie  average  sewage  of  Engbv  lejii'escnl  llie  eiLcretal  and  other 
maltt-rs  of  from  IT  to  18  average  individuals  of  a  mixed  pipiilalion  of  both  sexcn 
and  all  agHs  h'f  a  vear,  and  eontain  ammonia  equal  to  tliat  in  from  11  lo  12  cwts.  ot 
Peiiivian  gnano  :  or  about  1,700  Ions  of  sueh  newage  would  contain  nitrogen  reck- 
oned OS  aminoiiin  equal  lo  that  in  1  ton  of  Peruvian  giiaiio. 

2H.  It  is  estimated  (bat  tbere  are  at  Rugbv,  including  rainfall,  etc.,  on  the  aver- 
age ti'om  55  to  60  tono  ot  sewage  per  bead  of  the  population  per  annnni. 

24.  Judging  from  the  average  com{)ORiiion  of  the  Bngbv  sewage  and  of  varioiu 
crops,  it  is  concludeil  that  j>atash  would  be  more  likelr  than  piti>aphoric  acid  to  be- 
come deAcient  nhere  town  Ncnage  was  apjilied  conMotillv  to  gi-ass  land,  nliile  phu«- 
plioric  acid  would  be  mure  likelj  tv  become  deficient  than  polasb  if  it  were  appliod 
to  the  ordinary  crops  ot  rotation. 
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35.  The  sewoged  meadow  gross,  as  cnt  and  given  to  the  auituals,  contained  a  les* 
proportion  of  dry  or  Rolid  Bubslancre  than  the  un.sewaged  ;  and  the  grans  cnt  daring 
the  later  portions  of  the  Eeasoii  (Iiulh  iin-tewn^d  and  Kvnnged)  contoineil  Uas  solid 
■uatler  Ibaii  that  cut  during  tht>  uimv  genial  (leriuds  of  growth. 

:Vi.  Italian  rye  grass,  in  Ihc  condilion  an  cut,  was  also  found  lo  W  more  sdcch- 
l«nl  and  10  coiitain  IcJia  solid  matter  niicii  grown  with  sewage  Ihau  without  11 ;  but 
the  jiiupurtion  of  diy  substance  diminished  les.'<  nn  tbe  season  odvauoed  in  its  caw 
(ban  in  lliut  «f  llie  nir«dow  pnRa 

37.   Tin- propiirlinn  of  niirogeiions  snbstance  (and  also  of  impure  ttaxv  or  fallT 
mailer)  was  much  cfotci  in  ihe  iolid  matter  o(  Ibi-  sewugi>d  tlion  in  itral  u(  tb'o 
nns^'wa^ed  gm"s.     The  pro]>in1iou  of  niliORiiious  substance  was  also  lundi  higUer 
in  ihi'  ^'liii  ninlter  o[  iliii  ijravs  ukiwu  lowiinl  Ibo  end  than  earlier  in  tb«  ntiMnn.  1 
The  pri>|njrtion  <>t  indi((cj.lilde  woody  (ibr..  was  much  a!>oMt  tbeioune  in  tho  diy  j 
Kiib.'ilance  nl  lh>'  iin^i-watred  and  ot  the  »?wage(l  grass.     It  {uogivwvejy  ilimi»iali«d 
OS  tbe  season  otlvam-c-d,  and  wwi  gencrollT  lowor  in  tli«  dry  snhatnaM  cif  tbo  "-Ir-t  ' 
rye  than  in  thai  of  Ih.*  ni'-sidow  gnuta, 

'  ^.  A  given  amount  of  th>'  dry   Kulislance  tA  glasa  grovn  in  m  cold  and  Wct  ec*' 
aon,  or  during  ibe  oold  and  ««(  |i«riudi  of  tli«  yau,  («i»eallT  contains  nan  nilrogs- 
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I  Roiifl  ealiKtuDCe,  but  in  lens  iiroduol  ive  tlian  thai  iif  groMS  grown  in  more  genial 
■weather, 

•UK  The  giHfttui'  )iroillietiveness  ia  milk  iiutl  iiiei'OjiHi' of  a  glTPii  ntiioiint  of  the 
ttuliil  iDii'.tiji'  i>f  the  »e«'iigeil  gi'ttss  ft|i|)ears  lo  ile]ienil  iimie  on  n  favoj-aliii'  ccinilition 
of  mul  unit  inn,  iligesliliiiitv,  and  iwijiiihiliility  of  tin-  pnii-tilupiils  iIihij  on  the 
nolnal  pejoentugi!  uiuoitiit  of  uny  of  thoui-  ilclcriuinei]  anil  ohove  eunmuiuttid. 


I 


KFFE1T8   OP   KE>V4aB    ON    THE   MISED   HEBBAflE   OF   UKABS   LAND, 

40.  TheeHVctof  sewnge  irngatinn  on  the  mil  oil  heiliugp  of  ftniss  land  is  to  de- 
velop Ihe  griiniin^u'eoiiH  pliint«  rhiiifly,  nearly  to  exolinle  the  legnminons,  anil  lo 
redui^ti  (111'  |>i'i'vali!uce  of  m i sue lluji eons  or  weedy  phmtH,  hut  much  to  ouuutiiuge  iii- 
tltviilnal  Hpecien. 

41.  Among  Ihe  gmsses  which  have  lieaii  olmeiTed  to  he  the  nioHl  encouraged  hy 
Beimge  aie  laceording  to  locality  or  other  cirennistaneeal  rough  inendoiv  grnaH, 
coiiL-ii  ftiass,  rough  cock's  foot,  woolly  soft  grass,  iiml  pejeiniial  lye  grass  ;  two  or 
three  only  remaining  in  any  considerable  jU'opoHioii  after  sowftge  lias  been  liberally 
applied  for  some  years, 

i'Z.  The  produce  <if  sewBge-iriigafed  mendoirs  being  generally  eiit  or  grazed  fei-y 
young,  the  tendency  which  Ihe  RTeat  ln\nriance  of  a  few  vi'ry  [ive-growiiig  giuBses 
has  to  gire  a  coiirne  and  ntetuniy  later  growlli  is  not  an  objection,  as  in  the  ease  of 
meadows  jt^ft  fur  hay;  a  given  weight  of  Ihe  diy  or  solid  subwtanee  of  the  more 
simple  sewaged  graas  being,  when  con^^umed  green,  more  jiroductive  than  an  equal 
weight  nf  that  of  the  more  complex  nneewagi'd  herbage. 

COUPOSmoN   OP   THE   iniiK    FROM   THE   CNBEWAOBD    ADD  THE   BXWAQSD    QRABS. 

43.  Al  though  more  milk  was  oblnineil  from  a  given  weight  of  the  drv  or  solid  siib- 
atanco  of  .lenaged  than  of  unsewaged  gra.ss.  there  was  comjjBratively  little  diiTeronce 
ID  the  cijiii|ii«itioJi  or  richness  of  the  niillc  from  the  two  kinds  of  grass.  Tliat  from 
tlie  sewaged  gro-'^s  was,  however,  slightly  the  loss  ncli,  containing  somewhat  less  of 
msein.  butter,  sugar,  and  total  solid  natter  (though  more  mineral  matter)  than 
that  from  the  unsewaged. 

44.  When  oil-eakc  was  given  with  the  grass  (whether  sewaged  or  unsewagod),  tlie 
nutiness  of  the  milk  was  uotablv  increased. 


fe 
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RBSITI1T8   OBTAINBU   OK    THE   APPLIUATION   OF  BEWAOB  TO  OATS. 

45.  In  an  experiment  with  oats,  in  which  I35J  tons  of  sewage  were  applied  per 
acre,  the  gross  value  of  the  iucreaaed  produce  amounted  to  more  than  5ii  |>er  ton 
of  the  sewage  employed,  or  to  about  three  times  the  market  value  of  the  oonstitu- 
«ntM  of  tlie  sewage,  supposing  them  Ut  have  been  estmcted  and  dried  ;  and  in 
ftnother  experiment,  in  which  510  tons  were  applied  per  aci'o,  the  gross  value  of  the 
increa.sed  produce  amounted  to  about  Hd.  per  ton  of  Ihe  sHwagc  employed. 

46.  In  the  anperiment  with  the  smaller  quantity  of  sewage  the  supply  of  valor 
was  equivalent  to  .something  under  an  additional  H  inch  of  rain  at  ihe  critical 
period  of  growth,  and  in  that  with  tlie  larger  amount  to  about  5  inches,  which 
proved  to  bo  a,  great  e\ces.s  at  (he  period  of  the  Bea-fon  at  which  it  was  applied, 
there  being  nn  over-production  of  straw,  and  the  crop  being  much  laid.  Both  ei- 
perimenlH  wer«  made  in  the  unusually  productive  season  of  I8C3,  and  with  sewage 
of  alwnt  double  the  average  slrength  of  that  of  the  Metrojiolis,  which  was  applied 
during  a  period  of  veiy  dry  weather.  It  is  obvious,  therefore,  that  Ihe  ve^uUs  wer» 
qnite  exceptional,  nud  cannot  be  taken  as  indicating  what  might  he  expected  from 
the  application  of  small  ([  nan  titles  of  sewage  to  corn  crops  on  difTerent  soils  and 
on  the  average  of  seasons, 

47.  It  is  probable  that  fiOO  Ions  of  sewage  per  acre  is  mora  than  would  lie  appro- 
piiale  to  arable  hind  otherwise  treated  in  the  ordinary  way,  taking  the  average  of 
■•oiU  and  season"  :  and  it  is  certainly  more  than  would  be  appropriate  for  heftVf 
Luidi  and  for  wet  seasons. 

Id 
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OENERALi  COSPHIBIONS. 


48.  To  oVitaia  a  niaxiiinim  unn.iint  bihI  pvoss  viiIiir  nf  prodnoe  from  it  given 
fttnoiint.  of  lifWMi;'!?,  it  slumlil  lie  H]i]<lu>il  ill  nii>]ill  qiiaiililii-s  )ioi'  iicit'  uuit  in  ilrr 
weiilhpi* ;  liul  llie  prt-iil  ililulioiiof  io«ii  soiibrp,  iU  liuyp  ilnilv  KUpiilv  at  all  teB- 
Bon>*,  ujiil  ilB  grftiter  anioiiiil  in  «ft  wi'iillicr,  wlifn  llio  lund  chji  Iciint  Iw-ar,  or  It'usl 
reiinires,  iiioie  WiilifL',  iviider  it  qiiilu  iLiii|ijiL'<ijmati>  fui*  a)i|)li(Milii>ii  iiii  a  compre- 
lieiisivo  scaln  to  aruble  land  for  corn  iiiiii  other  oriliii-.ii  v  rotaticJii  i-iiniB. 

49.  Sii|j|i(isiiij;  ftiiiiDgiiiiiL-tiLs  weie  made  fur  distiilnitiiig  Bownjict  nver  a  cuffi- 
ciaiitlv  laigo  flina  lo  uimiumtid  a  full  vidLic liolli  asniniiiirpandn*  wiitoi,  at  tlic  most 
favorable  pi'rioiis  of  this  ycm;  tlie  L'lirst  of  luaiii  ilistrilmliou  would  lie  veiy  great ;  tiie 
ttppliL-alioTi  to  ilie  aral>lii  l/iiiil  would  require  lo  lie  eliiefly  liv  Ilm  expensive  incftu* 
of  pLpiiij;  and  liose  iind  j<^t.  instfad  of  open  runs,  and  bill  a  small  projiorlioii  o/  llie 
total  se  wag  0  could  be  so  nsed,  li'nviiiK  tlie  ri'maiiidfr  to  be  Hp|ilir'd  In  laijio  (juauii- 
ties  to  giiLss  land,  at  tlie  leas  favorable  peiiiHls  <.•{  tlie  year,  and  of  cotirso  to  itTil- 
ize  o  miieli  loner  value, 

Gd.  Hiivins  regiiid  to  the  cost  of  dinliibntion.  it  is  probable  that  the  inost  profit- 
able iiioiio  of  iiiilizalion  would  be  to  limit  thu  area  l.'v  siH'eially  adnptiiiK  the 
arraneemeiits  for  I  he  appliealion  of  the  greater  par!,  if  uot  the  \vhuU>,  to  iiernioneut 
or  other  giimses  laid  down  lo  take  it  the  year  louinl,  tnisling  to  the  fici'asioiiiU  nso 
lo  oilier  eiopB  wilhiii  easy  reaeli  of  the  line  or  area  so  coninmnded,  but  relying 
mainly  on  the  periodically  broken  ii|)  rye -^m-is  land  anil  on  the  R)>]>Iirntion  lo 
arable  land  of  the  enlid  ninnuru  roKultin^''  fixiin  tlio  eenhumjitton  of  the  sowiiged 
g]«H.<t  for  oblaiuiiig  oth*r  jirodiice  than  milk  aiul  meut  by  means  of  sewage. 

51.  It  is  probable  Unit  about  5,(KN)  lona  of  Re«Hf!e  per  acie,  judiciouslj-  applied 
lo  gia^iH  land  properly  laid  down  lo  receive  it,  would,  in  a  giont  miijiiiitv  of  cuBrs, 
Bceiiie  the  most  pioHluble  ufilixalion. 

52.  SuppOHiufj  an  application  of  5,000  Ions  of  nenago  ]ier  acre  per  milium  W 
Ri-ass  land,  the  imiiliealioti  of  the  water  woiihl  donbtleKS  lie  MiBieient  to  admit  of 
the  ilniinage  being  turned  into  Iho  rivei-s  wiiliout  fear  of  iletnment  to  fish  ;  whtln 
aii.v  Rlreaiiis  ri-ceiving  such  dunnage,  iiislend  of  that  direct  from  l!ie  towup,  would 
at  any  rate  be  vaally  iiii]iiovi'd  from  theii  previous  oiimlitien  lis  a  nater-supplj ; 
but.  whether  the  )iiirilieation  would  be  auflicieiit  nilh  sneh  an  applieutiou  is  a 
qui'sliiin  nliich  refjuires  further  e\])crieiice  and  invc^licalion  to  ariHwer  tJalistuc- 
lorily,  and  which  will  ]>ioi)al>ly  receive  a  dilTeieiil  answer  in  differenl  eases, 

53.  Assuming  that  the  avei-nge  dilution  of  the  Melropolilnn  sewiice,  im-luding 
rainfall  and  suiinoil  water,  will  amount  to  100  lon.s  periininini,  S.OUO  tons  would 
repieHent  the  exci'elnl  and  other  matters  of  50  avemge  individuals  ;  and  a  jiopuln- 
tion  of  a.lXW.IHK)  wonhl  require  about  (10,000  aerea  eoiistuiitlr  under  irrigation. 

54.  The  onl.y  records  of  exact  rjtinn illative  recutls  oblaimd  on  llie  application  of 
town  sewage  to  com  ero]>s  are  those  of  the  expeiimenla  of  the  Ear!  of  EsKei  on 
wheat,  ami  lliotie  of  the  eyperimenls  with  oalii  at  Itiigbv.  given  in  Ibis  Report,  niiil 
in  both  cii."*es  the  increase  of  ]n-odiice  lep resented  a  vrry  liigh  gross  money  reUirti 
per  Ion  of  sewage  employed.  The  eiieu  in  stances  of  tlie  experiments  at  Rnglij 
were,  however,  ipiite  e\ce|>lioiial ;  and.  where  the  most  extensive  trials  of  the  nppli- 
ealion  of  sewaae  lo  corn  eiops  have  Wen  niaile  willi  a  new  to  prolil  —  iianielv,  at 
Watfoul,  Rogby,  and  Alnwick^lhe  practice  iias  beiii  abandoned  ;  while  iieillitr  ul 
Ediiibui-jli,  nor  Croydon,  nhere  the  best  results  have  been  obtained  uith  gmas, 
does  the  applicntion  to  corn  and  other  rotation  crops  constitute  a  pari  of  the  gen- 
eral system  adopted. 

55.  JiidRing  both  from  the  I'esulls  of  the  exiierimpnts.  and  from  the  CApetienro 
of  common  pnietice,  it  is  eonsidered  Ihat  liie  most  protilablo  utilizalion  of  lotm 
sewage  will  in  most  ca'cs  be  attained  by  the  a]>plicution  of  nbont  5,000  tons  ]ier 
aero  to  meadow  or  Italian  vye  giuss,  but  tliat  the  fanner  would  not  |»iy  ('A.  uuJ 
]nolialily  not  J'/.,  per  Ion,  the  year  round,  for  wewage  of  the  average  strength  of 
that  of  the  Metropolis  (excluding  storm  water),  delivei-ed  on  hia  land. 

The  experiineutu  of  the  Sewage  of  Tomis  Coraiuissiou  indicate 
varying  amouatu  of  sewage  aa  applicable  to  diffcreut  crops,  tlio  quan- 
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Uity  necessary  for  elticieut  results  miig^iug  from  less  thiin  500  gross 
tons  |ii'r  iicri"  pc'r  lUiiiiim  on  htiavy  Imul,  in  wet  seasuus,  to  aliuut  li.dllO 
tuua  i>tir  jicre  on  yrass  lands.     Assmiiiny,  for  Aiuerii-an  uonilitions,  a 

I  doily  averagtj  of  80  U.  S.  gallons  I'dr  lieail,  tlie  sewage  of  irai^h  |»ei>ioii 
aniouuta  to  97  gioaa  toun  pur  imnuin  ;  whenue  wtj  derivL'  tlint  tbe 
wpiJlicatiou  per  acre  per  lumum  will,  according  to  tlie  8ewnye  of 
Towns  Commissiou,  vary  from  the  sewage  of  5  persons  to  93.  II  we 
include  some  adilitioiial  sewage  wliicli  tin-  land  miiy  be  made  lo  clarify 
without  reference  to  Ihe  results  of  cropping,  we  may  take  from  SO  to 
ISO  persons  per  acre  as  the  average  for  the  whole  year,  though  the 
quality  of  the  soil  and  the  amount  of  dilutiou  of  the  sewage  will  hoili 
influence  the  vfsult.  With  nnl'iivoralile  soils  and  a  large  dilution,  .">(» 
persous  per  acre  will  Ite  sufficient ;  while,  with  favorable  soils  and  a 
concentrated  sewage,  we  may  go  as  high  as  from  1.50  to  200  persons  to 
the  acre,  Tbe  proper  solution  in  each  case  will  depend  eutii-ely  upon 
the  local  conditions.* 


ThK   RoYAI.   AOHICULTtlRAL   SOCIETY'S    Sf.WAQE    FaBM    COMPETITION. 

In  1879  the  Hoyal  Agricultural  Hi>ciety  of  England  offered  two  prizes 
each  of  tbe  value  of  £1(10  for  the  hest-mauaged  sewage  farms  in  Eng- 
land and  Witlos.t  Messrs.  Baldwin  Liitliani,  Clari'  Kewell  Itend,  and 
Thos.  H.  Tliurstield  were  designated  as  the  judges  to  make  the  award. 

In  the  first  class  the  following  sewage  farms  wore  entered:  Alder- 
shot,  Bedforil,  Guisboroiigb.  and  Wrc.\ham  ;  in  the  second  class, 
Binningimm,  (.'roydou,  Doncaster,  Reading,  and  Leamington.  The 
report  of  the  judges  contains  full  iuformation  in  regard  to  the  area, 
cost  of  operation,  population  contributing  sewage,  and  various  other 
iteniH  necessary  to  a  full  understanding  of  the  i-elative  efficiency  of 
the  Severn!  diflerent  farms.  A  tahubition  is  also  given  of  the  chief 
physical  properties  of  the  soils  of  tlic  different  farms,  the  whole  fob 
lowed  by  a  statement  in  detail  in  regard  to  kind  of  crops,  acreage,  and 
various  other  items  for  each  compi'ting  farm.  Many  of  these  tabula- 
lations  arc  of  great  interest  imd  value,  but  their  length  precludes  in- 
troducing them  hero. 

Id  class  1  tlie  judgi'S  decided  that  the  sewage  farm  of  the  Corpora- 
tion of  Bedford  and  Unit  of  Wrexham  were  equal  in  merit.  The  first 
prize  was  thercfure  adjudicated  to  them  jointly. 

■tu  tlif  lOth  An  Ri-pl.  Mh'ii  SL  Ri.  Ilcnltli  (lt<8g)  il  is  ttated.  ^  .S8,  that.  «n  lut  ordinari'  larm 
In  Ma^«-,  2,A0(1  i^lr  ^^'  nnft*  |)i,r  'Ut  hv  a^  niiiofi  u.,i  <.-ruiM  bi:  apjilierl  to  anv  vrilLiiLblo  gi-wm  cnifi. 
Mid  thrr-  vi^n\i\  lir  <ci|inreil  I'lH  ficr.--  i>f  uii^nil.in.i  ytoiinrl  f„r  ei«li  I.IKKI.IIIK)  gull.mn  lit  ■n-wsj!!' ; 
from  ivliioh  a  i*  \-'»\chukpi\  tKnt  irr^c'^tirrti  iilnr^M  {^mtnot  l>i-  lU'iK'iirlrd  upoTL  \xi  tli'<  mnr'-  tliu^kly 
•dU'il  |iott.ion«  (il  Lliut  Sl.nt.-  for  (iU'v.-niui);  the  i>nllFi[ion  of  •trniiiis 

tliMi  HepU.  in  Tnl   ivi..  Sre.  St    <I>1'^)|,  r-|>.  I-*^. 
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In  i-lass  2  the  priz»  wan  awarded  tu  the  Loumiugiuii  aewug'u  furm. 

Tlie  judges,  however,  say  they  aie  stmiigly   of  the   oi:>iuion  that  a 

Becoud  prize  should  lie  awarded  iu  this  t-hiss  to  the  IJoiicastfr  sewage 

tariu,  whieh  they  deem  an  iidmirtible  example  of  thrifty  maDagemeiit, 

aUo  showing  how  sewsi^e  can  be  applied  i»  general  farmiug.    A  study 

of  this  report  will  be  of  use  to  any  oue  interested  iu  sewage  farming. 

In  regard  to  the  crops  raised,  the  report  shows  that  almost  any  crop 

which  eau  be  raised  iu  ordinary  farming  iu  England  can  be  cultivated 

on  properly  mauaged  sewage  fai'ius  with  good  effect.     At  the  Leaiu- 

ington  fai-m,  cropping  for  18711,  and  the  area  into  each  crop  were  a« 

follows : 

A.  11.  P.  A.  R.  p. 


luliin  rye  gran, 4M    0  ,17 

Srak       IB    3  as 

Future Hd    -J  14 

PoMtoei 4U  U 

OulB, 18    0  h 

Maugtildn Sifl34 

c«i™t6 a 


a 


C&bbogc, 6D  n 

l!i.rlt.v IS    S  II 

Par«TiI[is, It    3  i; 

Btaiii. 45    i  ".I 

Tucnipi, ai   n  Si 

wiiPBt m  a  «• 

ItLubarb. 03  U 

STI     0  » 


Till'  following  details  in  reganl  to  the  crops  raised  at  Leamington 

in  187!l  are  also  given  : 

ItVR  i)HAH>). — TiiiH  CIO])  in  gromi  Ixilli  foi'  sal?  hdiI  liome  coiisiituptJotj.  It  is  not 
allowed  to  alanil  lojiger  tliiiu  two  veai'.'i,  auA  aliout  25  acres  lire  rowu  every  venr — 
imnally  in  tlie  aiilHiiin,  nt.  the  inle  of  Ihrpe  Imslicls  of  seed  jier  aci-e.  A  t'luji  sown 
ill  Se]itPnilii'r.  1877,  wiih  cut  eigiil  liniPB  in  1878  and  twice  in  1H70.  aud  then 
))li>ug)ii'd  U]> ;  tlie  liimi  wnn  |ir(>HRcd,  Kt'waged,  and  ho»'ii  on  llie  Hat  lirotidciuit  on 
till*  ISlli  of  Jntie,  18711,  wilJi  f,ieen-toiJ  tniiii|is  and  wwedcfl,  wliieli  Inolied  viidl  uml 
linniiitiiiig  at  tlie  time  of  our  visit  in  AngUBt.  Iu  1878  tlie  piiliiuK  of  lyo  grams  coiu- 
nienced  on  tlu'  2d  iif  Fein  no ry.  In  lS71t  it  coninienced  on  tlie  "111  of  A)>i'il.  liavioit 
been  down  in  Si?)ilenilici',  1878.  Tlie  livsl  cutting  vieided  i  lonn  per  ucie  of  gi'c«ii 
griiss;  llie  '.i-cond,  on  Ilia  4lli  of  June,  vieldc'il  10  Ioub  of  gross  per  ucre  ;  (be 
tliii'il  putting,  on  llie  81  li  of  July,  H  tons  of  griiss  per  ncie;  fourtli  ciitling,  on  lln- 
Htli  of  Aiign^l,  K  tons  :  liflli  cnlting,  on  tlie  12tli  of  Sej-lnmlier,  1>  Ions;  si\th 
tutting,  on  till!  'Jtll  of  Octolier,  5  tons;  Bevclitli  culling,  in  Nijvcuil>i?r,  2  tons 
pi'r  acre.  A  field  o(  rye  grass  was  seeiled  as  an  o\i)fiinioDt  uilli  10  Ibe.  [icr 
»cro  of  trifoliuni  ;  biil  it  did  nol  answer.  Bye  grass  is  occiiRioiiuIly  made  into  liaj  : 
hut  when  this  is  the  ca.sc,  it  is  carted  on  to  tlie  iiieadouK  to  linitiii  llie  diying  pio- 
cess.  Tliis  crop  receives  enoiiuous  di'essings  of  rewajte  during  llie  period  of  tt* 
growtli,  as  will  be  aeen  on  reference  lo  tlie  tables  sliowing  iLe  quantities  of  eenng? 
that.  Iiave  been  applied  to  the  land. 

MAHmiu^.^TliiB  is  a  crop  largely  grown  on  thia  (anu.  It  ia  drilled  on  the  flat. 
the  drills  l)eing  211  inclies  distant,  iind  tlie  plants  are  lioed  out  to  10  inches  ilitilHncf 
in  the  rows.  Kewage  is  not  ap|ilic(l  to  (lie  ciiip  until  the  planls  begin  lo  bulb, 
'riiey  Bi-e  then  inngated.  This  tini]'  In  1H78  received  21  dreRsings  of  Rewnge  wliilit 
under  cultivation,  or  8,26ri  Ions  of  sewng"  per  acre,  equivalenl  tn  an  irngalingj 
depth  of  81.8  inches  of  water  in  addition  lo  Ihe  rainfuU.  Thu  mniiKolds  of  1878, 
when  examined  in  tiic  spring  of  1871),  we  fonii.l  lo  be  sound  and  gi>oil.  but  not 
nfjual  in  weight  and  biilli  to  those  grown  on  Ihe  lii^iiding  aewacu  funn.  Ont-  Held 
of  uiangohls  na.s  poor  und  stunted  :  but  on  Ihe  higher  and  light  land  llif'y  wenK 
capital  cnip,  and  in  all  caaen  were  clean,  and  the  phinis  regular  but  latti. 

Cabbaoe.- — Ordinary  cabbages  for  market  nro  planted  on  llip  level  in  rows  'i3 
inches  distant,  and  the  plants  are  17  ini'hes  apart  in  the  rows.  Bavoys  arc  planted 
in  a  sitnilar  tnnnner,     Drunihead  cabbages  are  al«o  planted  ou  the  flat,  'iH  tticbai 
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distant,  in  rows,  and  24  JDche^i  from  |>1niit  to  plant.     AH  the  cubbages  are  irrigated 

during  the  (jeiiod  of  grnwlli,  aud  in  1878  this  i-iop  on  one  field  received  17  dress- 
ings of  Kewage,  or  al>out  ti,102  tons  per  ncro,  ei]iial  tii  an  intgatiiig  deptL  of  tiU.4 
tiiL-bea, 

PABSSira.— This  crop  is  grown  on  tbe  level.  Hix  llis.  ot  Head  per  aera  is  drilled  in 
rows  14  incbt'H  distant,  and  Utied  out  to  six  inches  in  the  rows.  The  crop  in  not 
irrigated,  biit  usually  suceeeds  oabb^kge  or  the  set'ond  veur's  rve-grikss,  which  lias 
been  sewageil.     The  eLop  wiis  cliMJi.  and  promised  to  lif  a  fitlr  tiiU". 

CiKiMirs.— Tlipse  lire  diilleil  in  rows  on  the  level.  lU  14  inches  distance,  and  are 
hoed  out  to  from  4  inclies  to  B  inches  in  tho  rowi.  Six  lbs.  of  seed  i>er  acre  are 
nowii.  This  uru|>  wa.'^  not  good,  nor  was  it  looking  well,  although  it  wa.i  cleun.  It 
ia  not  directly  irrigated  with  sewage,  but,  like  parsidp.s,  succeeds,  either  directly  or 
after  two  years,  a  crop  lluit  has  been  Leavily  dressed  with  sewage. 

PoTATDBS. — -The  vfti-ietiea  grown  weie  "  Myntl.'s  Early  Rose"  and  "Victoria." 
Tbcy  are  planted  in  drills  from  '24  inches  to  20  inches  apart,  and  12  inches  from 
plant  to  plant  in  the  rows.  The  crop  c,f  187»  was  planted  on  the  ilth  of  April,  and 
doil  I'ye-gi'Bs.s  that  had  been  cut  four  times  llie  jirevious  year.  It  was  then 
ed,  broken  up,  and  sown  at  the  end  of  Jnly  with  turnips,  which  were  fed  off 
the  ground  ivilh  sheep.  This  year  the  puluto  CL-op  had  been  sold  at  the  time  of 
our  visii  in  August  at  £17  10s,  per  acre,  the  buyer  having  In  luise  the  crop  and  take 
!*ll  risk.  Potaiiies  are  not  directly  sewaged  dining  the  period  ut  their  growth,  and 
till'  cri)p  of  187!)  wivs  not  si>  good  as  usual. 

KHUUHtn. — At  Leamingti'i),  as  on  [uosL  sewage  farms,  this  is  one  of  the  periaa- 
lieiit  crop.*.  It  costs  al>oiit  fiO  per  a(;fe  to  pnreliivao  roots,  prepare  the  ground,  anil 
danl  out ;  and  the  crop  leaii/.e^  about  i:W  per  acre  eveiy  year.  The  roots,  liow- 
'«ver,  re'iuire  to  be  taken  up  every  three  years,  lo  be  divided  and  replanted  ;  they 
.•re  planted  3U  inehe.s  apart,  and  are  iiriKated  with  sewage  during  the  period  of 
growth.  After  the  pulling  for  market  is  flui.shed,  no  fnriher  use  is  made  of  the 
irop.     The  purchaser  of  the  crop  pulls  and  niaikets  the  produce. 

AYhk.it. — A  large  acreage  of  this  crop  is  grown  on  the  fann,  but  as  a  nde  not 
uder  llie  inlluenee.  of  sewage.  Taking  the  llelds  of  wheat  grown  dm-ing  I8T9,  we 
found  in  the  tirsi  e\H>n)de  that  the  previous  ci^tjis  bud  been  bare  fallow  in  1K78, 
wheal  ill  1877,  beans  in  187K,  oats  in  1875,  wheat  in  1K74,  beans  in  1873.  wheat  in 
1872,  permanent  pasture  and  mangolds  in  1M71,  and  none  of  the.se  crops  were  irri- 
gated. The  second  example  was  iniinedintely  pieceded  by  barley  in  1878,  turnips 
in  1977,  wlie-it  in  187G,  beans  in  187j,  wheat  in  1874,  mangolds  in  1873,  wheat  in 
1872,  and  swedes  and  pens  in  1871.  The  tninip  crop  preceding  barley  was  irri- 
gated in  1877.  The  wiieat  stubble  was  irrigated  in  1874  and  the  ba.stai'd  fallow  for 
wheat  in  1872.  The  thinl  example  was  inimediiitely  preceded  by  beans  in  1878, 
Bnd   liefiire  thai  by  gmss   iu  1877,  mangidd.   cabbage,  elc,  in   1876,  pai'suips  and 

tatiies  and  cariot^s  in  1875,  parsnips  and  potatoes  in  1874.  wheat  in  1873,  Italian 
7e-gias9  in  1872,  and  Italian  rye-grass  in  1H71.  Mangolds  were  snwaged  in  18713, 
cabbages,  etc.,  in  1S75,  bastard  tallow  inis  se«-ageii  in  1874.  and  rye-grass  in  18T'2. 
The  wheat  crop  of  the  present  year  wiis  sown  at  the  inle  of  two  bushels  of  seed  per 

re,  aboat  the  middle  of  October,  1878.  The  wlnal  was  seeded  with  one  [leck  of 
yi>-yi-a.ss,  10  lbs.  of  red  clover,  5  lbs.  of  trefoil  and  alsike  mixed.  The  ]dant 
looked  well,  especially  the  "  thick  set  *'  or  snuare-headed  wheat,  which  promised  a 

i«l  if  not  a  heavy  yield.     The  Browick  wheal  was  also  good. 

Oais. — Oata  were  heavy  anil  lodgeil,  Tiie  land  was  s'lwn  on  the  22rl  ot  April  at 
lh<?  rale  of  i  bushels  of  seed  |H>r  acre.  This  cro]i,  like  the  wheat,  is  not  directly 
'rrigatcd.  This  year's  crop  succeeded  Italian  n-e-grass,  which  had  been 
grown  on  the  farm  the  two  preceding  years,  and  had  been  heavily  dressed  with 
»«wage. 

Brans. — ^The  winter  beans  were  drilled  on  the  23d  ot  October,  1878,  and  were  a 
imor  plant.  Tile  spring  beans,  however,  drilled  on  the  10th  of  March.  187il,  were 
a  capital  crop,  This  crop  is  not  directly  irrigated  with  sewage.  The  seed  is 
drilled  in  rows  at  intervals  of  lii  inches,  and  3  Imshels  per  acre  are  used.  The  pre- 
cixling  crops  vary  very  much  ;  for  example.  Iieans  in  1879  were  preceded  in  one  case 
hv  wheal  both  in  187»  and  1877  clover  in  1870,  oats  in  1875,  mauKold  in  1874  and 
18T9.  beans  in  1872,  and  oats  in  1871.     The  unlj  sewage  applied  to  these  vro\)»  was 
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to  tlie  mangulil  in  1HT4.  Auother  field  of  beans  iu  1879  was  I'jeceileil  l.v  whfBt  jji 
1B78,  seeds  in  1877,  oiita  in  187G,  muugcltia  and  swe<ks  in  1S75.  oals  in  1874.  wheat 
in  1873,  beans  in  1B7'2,  mid  wii^at  in  1S71.  TIja  only  sewage  a[>iilied  wub  to  thv 
loanpoldH  in  187;t.  A  iliiid  tifld  of  beans  in  187SI  was  pieceded  bv  Italian  i^e- 
Krass  in  1878  and  1877,  wheat  in  187(),  beans  in  1875.  glass  in  1874  and  1873,  wheat 
in  187'J,  and  swedes  in  1871.  The  crop  was  inigated  with  aewage  iu  1878,  1877, 
I87(i,  187*,  lrt73,  and  in  1873. 

Biiu-EV. — Barlej  was  a  fair  standing  croi).  It  «iis  simii  at  the  role  of  Iwo 
liuaheis  per  acre  oa  t!ie  22d  iif  Ajiril.  'I'lie  crop  is  not  inigated  directly  with  sewagf. 
Of  two  fields  of  this  crop  in  187H,  one  «Fis  preeedetl  by  tniTiijis  and  pai'snips  in  1878: 
pKrsnips,  L'tibbage.  and  tnrni]>s  in  1877  ;  jiotatoes,  cailots,  etc.,  in  18T(i  ;  uinugoldn 
in  1S75:  Italian  iTe-gra«s  in  1874  and  1873;  liailey  in  la7'2  ;  and  swedes  in  1871. 
Of  the  above  crops  the  cabbage  in  1877,  fallow  iu  187l>,  fallow  for  niaugolda  in  187S, 
Italian  lye-gj'oss  in  1874  anil  18Tt!,  and  fallow  toi'  gias^  iu  1872,  wei'e  inigated  with 
Kawage.  A  second  field  of  barley  iri  1879  was  preceded  by  tuinips  in  1878,  barley 
in  1877,  wheat  in  187(i.  clover  iu  1875,  barley  in  1874,  swedes  in  1873,  and  wheat  in 
1872.  The  clover  and  seeds  in  1875  were  the  only  crops  piwionily  oocupying  the 
ground  that  neie  irrigated. 

TuRNirs  AND  swKOBa. — Grcen-top  turnips  ai'e  uanaJly  sown  ImwdeaHt  at  the  rate 
of  3  lbs,  of  seed  per  acj'o.  and  are  fed  olTon  the  gnnind  by  sheep.  Swedes  ai'e  also 
grown  on  tliis  farm.  They  are  drilled  on  the  flat  at  IG  inches  dist-aiit,  and  tbe  bulbs 
di-e  hoed  ont  to  '.}  inches  apart  iri  the  ri>ws.  Two  lbs.  of  seed  were  drilled  per  Here. 
The  crop  ia  irriirateil  with  sewage  to  a  modemto  extent.  Tuniijis  and  swedes 
usually  follow  a  sti'aiv  ci'op  ot  either  wheat,  barley,  or  oats,  and  uceasionally  given- 
top  tomips  are  cultivated,  chiefly  after  Italian  rye-gi-ass. 

Seeds  ale  usually  sown  with  the  smw 
crops.  The  variety  and  qnanlily  of  seid 
sown  has  alivady  been  given  under  the 
head  ot  wheat,  (.'lover  is  occjisionH.Uy 
irrignled  in  diy  si'Hsons  wilh  inodenile 
diesaings of  sewnge.  By  lefeicncelo  th(^ 
returns,  lionevci,  we  find  that  seeds  hai'e 
not  been  sewiiKi  d  ^iln't■  the  year  1875. 

PKICKLV     I-OMHIEY.   -    Tllis     is    D    crop 

which  has  lieen  pioMfi  upon  this  farm 
for  IWO  years,  and  haa  been  given  np,  as 
it  was  found  that  tbe  hui-ses  and  cullle 
wenld  not  cat  the  prniluce  by  rboire. 
It  ajiprais,  hnwpvcr,  thai  the  erop.  when 
once  plunti'il.  is  diflicnlt  Iu  cradicnle 
from  the  ground,  us  upon  iIih  ]di>t  ii]<ou 
whieh  it  bad  been  grown  during  lliv 
present  yenr  u  ninnlier  of  young  plant* 
had  made  iheir  n]>]ji!aranee. 


In  ipferriiip  to  thfise  irrui>M  it 
will  l«j  noticed  that  al!  of  llieni 
iirp  crops  I'onnjHiii  to  Aiiierioiii 
fnriiiinE,  exci'pt  Italiiiii  ryc-sviw. 
LitH'iiii  //fi/jV-?(w/,  show-u  by  Fig.  18, 
wliiili.  wliilt'  not  yt't  cnltivnt^d  hi 
any  very  trvint  ■■xt.cnt  in  tliis  inuii- 
try.  in  vitill  one  of  tin-  best  kiiow-u 
srasBi^si  ill  Europe.  It  is  inut4<d 
abovif  (ill  othiT  tn''>«*""'  tor  irrigation,  ami  in  Ifuly,  Sootliuid,  aud 
ejst'wlii'ro  yiflils  on  HHwage-irnj^nti'il   incadowh  priMisious  cruiif  of 


I^^„,  18.— TTAi.tAJn  Rtk-oram. 
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fomyo  of  the  best  qiiiitity.  It  is  extensively  grawu  in  Italy,  ;iiul  tlie 
peculiar  exoelk-uce  i>i  tlie  cheewe  of  that  country  is  saiil  to  be  due  to 
the  quality  of  this  grfias,  which  is  the  chief  food  of  the  ciittlo.  It  is 
stated  as  not  oidy  adding  ^*-''  the  tlavor  of  butter  jind  cheese,  but  as 
also  increasing  the  How  of  milk.  With  sewage  irrigation  it  haa  yielded 
at  times  over  (ill  tons  of  green  foragL'  per  acre.* 

There  are  a  nmuber  of  other  grasses  which  may  be  utilized  in  sewage 
irrigation,  although  the  rye-grass  properly  heads  the  list.     Osiers  are 
I  also  one  of  the  most  useful  crops  in  sewage  irrigation  by  reason  of  the 
large  quantities  of  liquid  which  they  can  appropriate  without  detri- 
ment during  the  growing  season. 

Table  No.  57.— Statibticb  of  FoaeiaN  Srwagk  Ibriuation  amd  FiLTUATiow.f 


laOllltT. 


NKtnre  of  [he  irlL 


Borila,  HKlohcnr ^.'^- 

DaricqALtTT  ,, Biinit  or  gniVfl. 

Bpnin.  KivElirnbury., .,,...  Hoavy, 

lii-nMilTiirlJifi -..,-.--  Mindly  flrnvel. 

B.'flJn.  i)«(i>r( ,  Sunily. 

UtirUjiH  f»rOHiih<>«ran '■ 

t  riki1*4  filoiiDovULJm..... ,.  SoJik^  uid  gnvel. 

LCruyilou.  Bflddln^in,  .»..  Onvet. 

I Puw... ....... ....„.,..,  flaiul  imdgnircU 


Renurkii. 


Itrbnlloii. 


Pillnilion  nniLcill-  I 

tjvnrirhn,         \ 

Kx[vr1rin^ihl^ 

fnituiion  with4iiit  I 

riLllivmUi>n,        \ 

Bru4i1  Irrljatliih- 

MAJttiniini  limir* 


Vuluma  ut  KHage, 


I 


i.mn 
i.vrr 

-■S.BM 

u.nu 
rt.sio  t 

19,4'^') 
T!fi.7fl3 

an.a.13 


1.41 

s.aa 

3.31 
404 
4.(W 

B.ia 

B.MT 
lU.M 

10  06 

10  40 

39,34 


DU& 


ISM-M 

i^m 

1B18 
ISER-ST 

isa-f<a 


1SSI-S> 

lS7*t.™ 
Il«4 


tOiHBplM  by  Cliv.  H.  Sanii.  M.  Ain,  Sin.  O.r!.      Sm  [miut,  NntM  an  BnrupMn  Frwrtiwln  ScwaRB  D<>p«al, 
1  Jmr.  Auti.  ol  Eng.  Som.,  vol.  Til,.  No.  T,  |i|i.  M*-MT  (.Iiily,  IBSS). 
t  Warkliii  anngi* !«  tbs  fortta  of  jean  tSTIi-lEK). 

Table  No.  57  may  be  taken  as  showing,  subject  to  the  limitations  in- 
I  dicated,  the  amount  of  sewage  which  can  be  applied  in  broad  inigatioa 
tto  various  soils. 

A  New  Phase  of  Sewaoe  Faumino. 

The  Rugby  esperimenta  of  the  Sewage  of  Towns  Commission  indi- 
Fcated  that  sewage-grown  grass  when  made  into  hay  was  especially 
[Tiiluable  food  for  milch  cows,  heucn  thu  prattical  dednction  isto,  Bofa^ 
Las  possilile,  operate  sewage  farms  aw  dairy  farms.  Until  recently,  bow- 
[evcr,  there  has  been  a  practical  difficulty  in  the  way  of  realizing  the 
joonclnsion  to  wliich  the  commission  an-ivod  over  35  years  ago,  namely, 
Hhe  apparent  impossibility  of  curing  into  ha.y  the  heavy  crops  of  grass 

'Prir  more  compli^to  Acooiint  uF  Ttnliuri  ryc-^r%4ji  and  JU  adaptsibllibf  to  Americua  coad^tioiu^ 
lau  BulL  So.  Ta.  N.  Oacoliim  Ag.  Ei|^t.  HU.  (Oct.  15.  I8W),  p.  DO. 
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raised  cUiriog  the  grovring-  season  in  order  to  pronde  fodder  for  «iut*r 
use.  Tho  sewage- irrigsited  grass  crops  liave  beeu  mostly  disposi'd  »>( 
green,  which  has  agaiu  considenibly  ooiupUcated  the  niiuiEigemeut  at 
sewage  farms.     Italiiui  rye  grass,  the  most  valuable  grass  lor  sewage 


Sm.  19.— View  or  SKWA.iE  Pvnw  at  i'  i.\..i  i-...-   r n  i.  ll..i...-.i. 

irrigntion  by  reason  of  its  capacity  to  receive  lai^e  doses  of  irrigatioD 
vithont  injnry.  is,  farther,  the  grass  which  has  been  found  the  nitwt 
(Ufficult  to  coTP  into  bity,  es[HH''ially  in  seasons  which  an?  at  all  wfI. 
The  extensive  nse  in  the  last  few  years  of  silos  has  «leve]o|>efl  an  en- 
lirfly  new  phase  tothis  question  and  may  p"">ss'ibly,  by  pnttirir  it  in  th« 
power  of  sowsgi>  farmers  to  make  a  specialty  of  liairying  for  the  whole 
yvur,  assist  in  seonring  an  adequate  commercial  retom  cm  the  vhole 
nmstnent  in  sewagv  farming  o[ieraiions.  At  any  rati*  the  shI']"-! 
appeals  of  importance  enougli  tn  justify  a  vhapti-r  On  Sjlos  and  Tliotr 
Use  in  Sewage  Farming,  and  to  that  chapterthe  reatler  is  acconUngt; 
Inferred  fur  further  information  on  tbis  branch  of  the  snbject. 


Espuu>ED  Oarecntnss. 

Ilie  objeetioQ  has  been  fre(|neiitly  aig^>d  agmiDst  sewage  {arming 
that  the  fielils  ar\*  likely  to  l>eoome  extviilinirly  offensive  from  the 
production  trf  an  cfflniiium  nni^ance.  It  is  tme  when  improiwrly  iir 
eaideflsljr  DiaiMfml  they  are  likely  to  be  at  times  open  to  thtsi  objec' 
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'tion.     The  same  is  also  true  of  ne^liicted  biiruyivrils,  altbongli  in  tlio 
present  state  of  agriculhiml  ileveluinuent  no  one  would  st-rionaly  pro- 

»pos6  to  abolinli  all  Ijiiniyanls  beciiude  of  thin  patent  tnatL  ;  neverthe- 
less it  is  uxactly  what  is  proposed  in  tho  wise  of  sewas'e  farms.     That 
BUch  faruiH  aie  not  nei'essarily  offensive  as  managed  in  the  present 
time  in  Eughuul  is  almiulantly  shown  liy  Figa  19  to  21,  illustrating  a 
I  number  of  sewayn-iiTis'^ted  tii'lils  and  showing  chsarly  their  proximity 
I  a  ffood  grade  of  residential  property.     It  is  stated  by  Mi-,  C'lai-ke, 
am  whose  report  these  views  are  ttiken,  "  that  in  none  of  these  cases 


|Fio.  2IJ.— View  op  Skwaok  Faiim  ax  Wimbledon,  Enhlanii,  with  Pkf.ct  pit  axiom 
Tank  in  Fiibeiihovnh ;  thb  Fiki.ds  auk  Oct! asidn ally  Uhkd  H)a  litaitiATioN. 
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did  the  farms  eanse  any  nuisance,  and  that  the  neifrhboring  property 
was  not  depreciated  in  vahto."  * 

In  the  discussion  of  Mr.  Allen's  paper  on  Sewage  Disposal,  read  be- 
fore tho  American  Society  of  Civil  Engineers,  in  1888,  the  question  of 
the  production  of  bad  odors  from  sewage  farms  was  discussed,  and  a 
number  of  American  engineers  who  had  examined  the  English  and 
olher  foreign  sewage  farms  gave  their  experience  on  this  point  at 
length.  The  discussion  is  too  long  to  quote  here.  Its  chief  interest 
(■eutres  iti  the  pertinent  illustration  which  it  affords  of  the  widely 
varying  views  which  different  people  will  obtain  of  the  same  ques- 
ioii.t 

•  Rppt.  uf  miot  C   Clarke  to  Mus.  Drain.  Ootn.  (ISHS),  p.  138, 
f  Trui*.  Am.  Soo.  C,  B.,  Tol.  xtIL,  pp.  30-34. 
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In  ;i  paper  i-ead  befaro  the  British  Medit-iil  ABSociatioii  iii  1888,  3>r. 
Alfri'il  C'ur|n.-ntiT,  uf  C'lo.ydoii,  EuglLiml,  whu  bus  t'or  years  watchi'il 
oloBely  th«  operatiuu  of  the  BiidJiiigtoii  sewage  farm,  saici : 

t\)  I'ljiit  tlic  aj'i'lii'ation  uf  tlic  KPnitt!'^  of  n  wAtcr-cloKeC  lown  to  tanil  incloxo 
pruvimilv  t<i  ihveliiug-lioiiHL'H  ix  not  iujmiourj  to  iLe  hcaUli  of  tlio  inlmbiiuritti  of 
ihiisi'  liousi'M  |riovi<li-il  tlie  senuye  be  [les-li ;  timl  il  bc>  apiilieii  iti  uii  iiit.>i'mitlelit 
niiiiii^F'r.  mill  tlic  elHuciit  Iti^  cujiulilc  i>f  mplil  lumovnl  ficjii  tliL'  inigated  lield». 

{'2)  Tlii;  jildli'liius  a|i|iliL-uti(jij  of  suwiigi'  lo  hull  nt  aliuuMt  uuy  kftiil,  if  iC  htr  tniuiilj' 
iuoigiiuif,  Mill  su(is[iii-iurilv  cUniivo  tli«  elMuejit  luitei,  ami  lii  il   fi>i  dincLaij^i;  iulo 
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my  ordinary  stream,  provided  the  area  ti'eateii  is  not  leas  than  Bii  acre  for  each  250 
persons. 

(3}  Th«t  TCRotalilc  pniiliic^tB  {-ronii  ii|ion  fieldi  iiriguted  1)t  sewage  ore  Eatisfsc- 
torr  and  snfe  an  articleB  of  food  for  both  aniniab  and  man. 

(4)  Thai  Hfwagc  fanns,  if  i>ro|ierh-  managed,  do  not  spt  np  either  jmrasilic  or 
epidpinio  disense  amring  tliosc  working  ozi  the  farui  or  auiong  tlie  ca,ttle  fed  ai"oo 
its  |irodnee. 

(,1)  Tliat  this  immunity  exists  bet-aiiBe  the  condiliotis  neceBaai^  for  the  ]iro|ia- 
gfttioii  and  (■onlinmiiicp  of  thoBo  disense  germs  nliich  affeet  niaii  aud  nDJniala  nm 
Bbsent  ;  the  niicrobic  life  on  sewago  rarms  beinR  anlnnonistic  lo  the  life  of  ilisniM 
germs,  thi!  lalti.'r,  tlii'vi-fore,  soon  eeiino  a^  sncli  lo  eniHt. 

(6)  That  (lewagn  farms  may  bi-  carried  on  iii  luirfei:'!  safetv  elnse  to  )iopiilataoiiB. 
It  in  uot,  however,  nrtjaud  thul  tlii'  eflliient  wuter  ix  *at«  to  tko  for  dietetic  put- 
poses. 

(7)  That  there  is  an  aspect  in  nevrnire  farrainir  wliieti  shows  thai  it  ia  «  wiM 
jiolicy  (or  the  nation  to  eneounvge  lliut  tt-rui  of  ntili?Ation  from  a  |»ob'tiMl  »poilOiuy 
poi[it  of  view, 

(8)  That  to  be  fiuiiacially  sneceastnl  such  (wniB  roqnira  tlial  tLo  ntlufall  b» 
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sepamtL'J  (lom  Uh-  seiios^  ;  llie  ai'ea  liifyc  (Micju(;]i  for  ulleinnlc  t'iii]'[ii]ie,  luitl 
the  Cttpilttl  eiiij>li\TP(l  sufficient  to  insure  a  CoulinuoiiB  and  myiil  coiiBuiiiiitiou  of 
liie  cmiiH  ])ri)iluL'('d, 

(9)  Tlml,  ir  |iiiiL-lipBble,  sewage  nt.ilizati<iii  Ly  siirfui'L'  iirit'iiliuii  slumlil  in.;  fiif 
fiiiiinciul  l'eA^<l)ll^,  »illj)Li  thi^  arts  of  its  nwii  wiitdKLf  J  and  cIohi?  Lo  itit^  )io]>iiliitioDH 
jiiiHlncirijt  tliii  si'«iLgy ;  but  it  is  not  a  neoessily  tliat  it  sbuiild  tie  no,  pioviiioil  it  be 
ainilied  In  till'  land  wiibiuftfew  hum's— mit  more  thai)  twelve  — of  itH  diseharKa, 
aud  tlint  rbeve  is  tiu  aiiest  uf  nioveaieut  (or  more  than  very  short  {leriods  before  it 
h  HI!  utiliited. 

Prom  ftll  the  evidence  now  at  band  it  mtiy  be  concluflerl  thnt  prop- 
erly lUiUmged  sewjige  farms  will  uut  reudertbe  neigliborbood  in  wbit-h 
they  lire  situtittsd  specially  objedtioimble  for  resideuf-e  by  re»80Ji  of  the 
production  of  offensive  elfliiviiiui  nuisiiiiees. 

Anotbei'  question  which  is  cogiiiite  to  that  of  effluvium  nuisjinoe  is 
in  relation  to  the  ettbL-t  of  sowiigt!  farming  as  a  whole  on  health. 

Obviously,  if  wewag'e  farms  are  bo  miinng'ed  as  to  i)revent  any  serious 
pollution  of  the  air  in  their  neighborhood,  one  chief  anurec  of  objec- 
tion ifi  removed.  It  is,  however,  posHible  that  wpUh  in  the  vicinity  may 
be  affected,  though  the  arrangement  of  the  iinderdraiuage  with  refer- 
ence to  the  riiituval  diivction  of  How  of  the  gromid-wiiter  will  reduce 
this  danger  to  a  miuimum.  Wheu  imperfectly  piirilied  sewage  Hows 
over  the  ani'face  into  utrearas  some  jmlhition  may  also  result.  For 
this  latter,  wiien  a  high  degree  of  purity  of  elllueiit  isesBeutial,the  prop- 
«i'  reuii'dy  is  to  prepare  area  enough  to  insure  the  rrquii-ed  degree  of 
purity      With  regard  to  the  danger  to  wells,  the  Berlin  sewage  farm 

■  «f  ubotit  19,000  acres  may  be  cited,  where  a  large  population  of  labor- 
ers live  permanently  on  the  farm  and  draw  their  entire  water  supply 
from  wells  sunk  wherever  required  througb<nit  the  fields.     It  is  stated 

that  no  bad  eftects  on  health  have  thus  far  been  observed.     In  the  Re- 

■port  of  the   jmlges  appoiuted  by  the  Royal  A^nculturjil  Hoeiety  in 
the  sewage-farm  competition  already  referred  to,  it  is  stated  that  "  the 
I     results     .     .     .     show  that  sewage  farming  is  not  detrimental  to  life 
lor  health."     A  large  amount  of  authoritative  opinion  substantiating 
Pihis  view  can  be  quoted,  but  the  foregoing  may  be  deemed  sufficient 
I  for  the  present  purpose,* 

•  Probablj'  tha  b«it  euunple  of  auoacHful  Mnntge  f«nn>  on  »  large  scale  are  tho«e  of  (be  city  of 

J  Berlin,  whrrv  aliont  lO.iXiO  acre»  have  biifn  jrurolianed  by  tlic  city  tur  Mwage  irTigation.     Of  thia 

[  area  only  about  Jl.UOO  acre  had  bcon  lineal  fur  r-ewagp  iTrigatiim  at  t^i^  four  onginal  farms  of 

Owlorf,  Gi'OAB  DctfTen,  Falkctilierg,  und  Alalchow  tfi  March  ^1,  l^'.KI.     Scm'oi^f  irri^.Lti<in  was  brgun 

at  Owiiirf  in  January.   IfiTO ;  Gross  Bwren   in  July,  1N8-2;  Fnlkeiiberp  in  Marcb,  18T9;  aii<l  at 

I  Milchiiw  ill  Ootohpr,  IH«2,     Aililiiioniil  arena  not  in  use  in  181KI  hove  lieen  purohmieii  at  Sehenken- 

l-datf,  t^puUndorf,  Klrin  Becruu,  tllKiikunfcldc  and   HelliTKiIiiif      At  tliu  I'uiir  ori^nal  farma  ■ 

'  jiorliioii  of  tbo  atca  was  pliU  ivithoiit  sjiecial  jircparatioii  in  l-^-llO.  at  wliicli  riate  about  H.til'O  ncrea 

haii  btwn  ^pfioialiy  prcimrpfl.     The  popcilntion  of  Bvrlin  in  [>eoombpr,  1S1K),  won  i  Hi>7f!t.7ViO.  whcnoc 

the  niuntirr  of  inliahiUnt'  pec  aure  of  upcoially  prepanil  area  ww  mundlj  HW.     Th«  quantity  of 

vi^  ■vi-ni^irK  rdriiut  .Tl    L\  H.  gnMoTiH  per  lienil  c»F  populatioii  p<Tyear.     Tbo  upcciai  arrHH  nre 

[  ftddtn]  to  from  year  Ut  year. 

The  mont  iwinplirtc  aoooimt  of  thr  Berlin  acwagr  faniii  in  Engluh  engineering  literature  ia  thkt 
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There  is,  moreover,  some  leasou  for  Ijclieviutr  that  well  managed 
sewage  farms  are  not  only  not  uuliealthful  to  the  neighborhood  iu 
wliitih  they  are  situiited,  but  that  they  may  be  even  iu  some  degrree  the 
source  of  an  iucroaaeil  healthful ue.sM  of  the  reg'ion  immediately  snr- 
rounding  tliem.  This  apparently  paradosit-al  conclusion  is  derivet.1 
l)rimarily  from  the  statistics  of  mortality  amons  those  employed  tutti 
living  un  sewage  farms,  from  wliieli  it  ajipearR  tliat  sewajre  farm  lab- 
orers are  as  a  class  quite  as  healthful  as  a  similar  clasti  elsewhere. 
The  following  figures  iu  illustration  of  this  point  are  from  the  report 
of  the  Judges  in  the  tiewaga  farm  competition ; 
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As  stated  by  the  judges, "  An  examination  of  this  table  will  show  that 
the  mte  of  mortality  on  an  average  of  the  number  of  years  these  farms 
have  beeu  iu  operation  does  not  esueed  3  per  annum." 

If  we  cimaidor  that  during  the  growing  season  the  vegetatiou  on  a 
well-managed  suwuge  farm  is  three  or  four  times  as  hisuriant  as  in  or- 
dimu-y  agricultural  regious,  we  have  a  good  explanation  of  why  the 
irrigated  areas  are  not  uucessarily  more  unhealthy  than  other  simiJar 
agiicultural  regions  without  irrigation.  The  otlice  of  growing  ))luuta 
in  converting  carbon  dioxide,  ou  the  one  hand,  into  carbonaceous  suh- 

of  H.  A.  Eooohling,  Auoo,  M.  IntL  C.  E..  u  BiTen  in  hi>  p»pet,  The  Stwugu  Fftrnu  ol  Berlin, 
in  Proo.  Inst.  C.  E.,  vol  cii..  Rc«.  18111-02,,  Psrt  111,  Mr,  RrK-uhliiig  hu  there  pccaonlcit  til" 
lioitipleto  i*t4iti«ticB  an<i  dotAiln  of  mHna^ment  of  tbtbc  exteneivf  Btwnga  fhnuH.  Tiio  ym[*r  »uib 
to  hftnJ  ton  Isle  to  inajce  oiteiidod  eicmcti,  but  lo  giva  mi  idea  of  iU  uantFOU  tlif  bends  ills- 
ousHjd  uo  inolailed  aa  foUowi; 

Area  nnd  (Impral  Stufi«iir«  nf  Uirlin  :  BewHiigo  of  Berlin  ;  Stwajre  Farnn  ;  Piirchmt'  nf  Sew- 
Bgc  Pami"  ;  Dislrilmlion  i>f  the  «■  mhj;!-  ;  A[ijiUB.tioii  of  Sewiufr-n-iiUT  to  thi'  Lrii.I  ;  T.Byii>B  nut 
of  llie  FnrmB  :  Prodiietivp  anii  rii|iroitiK'liie  Afreagf;  flraina^rc  of  iLie  I'lnlt  ;  CiiHtal  Kmb^uJi- 
liiri'B  on  Farran'  .Muiiiigi'ineDt  of  ttic  ^■«nlls  ;  Labor  ou  the  Kinin;  Cuttle  kent  on  tli.;  Kntrii*; 
Meloorn!oi!i'»l  I'nmlitinm  Pn-vnilinn  on  Ihc  FnmiB;  R*.iiLt.  llliUinod  tr.™  the  Working  of  llit 
FiirniB  ■  Quimtit'  "f  i^wai''  Tri-nt*'!  on  llie  F»riii«  ;  Cmiis  ;  .^i^wnite  iT-riK'ili.m  iliiniii;  llie  WinMc 
MlHithn;  LiitliiiM  of  Scu iLp'-Iifut- d  Ijnnrl  ;  Hnrvoit  iictniii.i  Pinrmeiul  Hetiirii»  ;  r>Mn™  0( 
PimHrntion  AtUinM  ;  rnmimnBon  of  tin'  HitIid  KcmiKs  wiMi  i.lio«  of  Kujilitli  ii.'wuijt  (■umm  ■ 
AllPCt'd  Liiihtlitv  of  iLie  I-aiid  to  bm-oni*  SpwngP-ehnki^d  ;  Ltili«tton  ot  tlie  Mnniirial  Klenwnk 
vf  Sownfie  ;  ynnii'it.v  of  Bffliii'nt  W  atrt ;  KMiiWrj'  Condition  of  th«  Bedin  So*»j(r  FarnuL 
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etAnoes  (carbohydrateB,  etc.)i  which  ^o  to  make  up  the  structure  of 
the  plaot,  and,  on  the  other,  into  free  oxygen,  which  possea  into  the 
general  stock  in  the  atmosphere,*  is  well  known.  The  increase  in 
energy  of  these  natural  purifying  agencies  may  be  considered  suffi- 
cient to  render  the  qtwjitity  of  oxygen  in  the  air  in  the  vicinity  of 
sewage  farms  somewhat  greater  than  in  average  agricultural  districts  ; 
thereby  counterbalancing  any  possible  slight  unhealthful  tendency 
by  reason  of  the  presence  of  large  quantities  of  sewage,  some  of  which 
may  be  decomposing. 

This  view  is  further  supported  by  the  researches  of  Dr.  Daubeny, 
late  Profesaor  of  Botany,  etc.,  at  Oxford,  who  has  shown  that  growing 
plants  not  merely  evolve  osygen,  but  evolve  it  in  the  form  of  ozone.t 

•  8»clii'  PhyiiolaKj-  of  Pl»nt«,  Part  IIL,  Nnuition  ;  Lootnro  XVII.,  Sooroe  of  the  Nitrogen  in 
QroiriDg  Pluta — Soutoe  of  the  Cftrbon  ;  Leotoie  XTUL,  Bvolatioii  of  Ozygeo,  eto. 
t  Jour.  Cham.  Soo.,  Ju.,  1807. 


CHAPTER  Xm. 

ON  SILOS  AND  THEIR  USE  IX  SEWAGE  FABMINa. 

The  object  uf  tlii«  chapter  is  to  call  atteutiou  to  a  syfitem  f>f  pres 
ins  forage  crops  wIiIl-Ii  is  likely  to  materially  influence  the  fature  de-" 
velopment  of  sewage  farmiag,  aud   to   indicate  some  of  tLe  soorceB 
from  which  more  detailed  information  can  be  obtained. 


Befimtion  of  Terms. 

The  terms  silo,  silage,  and  ensilage  will  be  used,  so  far  as  the  con- 
fusion which  exists  will  permit,  in  accordance  with  the  following  defini- 
tions: 

(1)  Silo,  the  theoretically  air-tight  structure  in  which  fodder  is  pre- 
served. 

(2)  Silage,  the  fodder  or  material  preaened  in  hIIos. 
(a)  Ensilage,  the  process  of  ji reservation. 


How  Shaoe  is  Pbodboed. 

In  order  to  produce  silage  it  is  necessary  to  prepare  a  pit  or  choml 
either  in  the  ground,  with  a  brick  or  stone  imper\ious  lining,  or  by  bnilA^ 
ingthe  same  above  the  surface.  The  object  to  be  gained  is  the  depositing 
of  the  green  crop  in  nji  air-and  water-tight  receptacle  under  conditions 
admitting  of  subjecting  it  to  considenible  pressiire.  by  which  nearly  all 
the  contained  air  is  forced  out.  This  is  effected  in  a  variety  of  ways, 
as:  (1)  By  treading  the  green  crop  as  it  is  deposited,  and  covering  with 
u  couple  of  feet  of  well-packed  earth  ;  (2^  by  conBtnicting  the  silo  with 
ft  movable  covering  arranged  with  chains  and  rollei-s  for  raisine  and 
lowering,  which,  after  the  crop  is  placed  in  the  silo,  is  lowered  and 
weighted  to  the  extent  of  about  85  to  Viii  pounds  per  square  foot  of  sur- 
face ;  (S)  silage  is  sometimes  made  in  slacks  either  in  the  open  air  or 
under  sheds  open  at  the  sides,  the  partial  decay  of  a  portion  of  the 
material  ou  the  outside  furnishing  the  necessary  impervious  coating. 
Salt  is  sometimes  added  as  the  crop  is  placed  in  the  siio,  to  assist  til 
process  of  preservation.  Closed  silos  are  kept  sealed  until  opeDe 
for  Ode. 
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Eahly  Use  of  Silos. 

In  its  original  sense  a  silo  was  neither  more  nor  leas  than  a  cellar 
Qsed  for  storing:  grain,  lor  which  purpose  undergrouud  pits  hiive  been 
nsed  in  eastern  eoimtries  since  u  very  early  period,  iustead  of  placing" 
it  in  granaries  above  ground.  Such  pit;*  are  stilted  to  Lave  been  nsed 
by  the  nomadic  tribes  of  Arabia,  in  order  to  prevent  victorious  enemies 
from  ohtaiuing  possession  of  their  food  supplies.  The  Hpanianls 
teamed  the  art  from  the  Moors,  and  in  Spain  it  iicquired  a  new  use  ftjr 
the  purely  commercial  object  of  storing  up  grain  in  times  of  plenty  and 
Mow  prices  in  order  to  preserve  it  to  times  of  scai'city  and  high  prices. 
From  Spain  the  silo  found  its  way  into  Frauce  and  Germany,  from 
whence  its  use  finally  extended  to  England  and  this  country.  * 

The  first  record  of  the  modern  use  of  the  silo  in  France  is  aboiit  1820 

^and  1821,  when  the  proprietor  of  an  estate  in  the  Puy  de  Dome  stored 
his  grain  harvested  in  those  years  in  silos  coustrncted  for  the  purpose 
and  kept  it  until  1828,  when  prices  having  risen  to  {h)uble  the  figure  of 
seven  years  before,  the  silos  were  opened,  and  with  the  exception  of  & 
thin  layer  at  the  top  the  grain  was  found  perfectly  preserved. 
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The  Modern  Use  of  Silos. 

The  uae  of  silos  for  preserving  fodder  crops  has,  however,  grown  up 

Euiflam!  and  this  country  tuofitly  aiuce  nbout  1680. f 

"  A  Fr^noti  wrirk  on  RtTiculture^  the  firnt  edition  of  wbieh  wju  pQbliflbed  in  1600,  oontaint  the 
followiBg  deacriptiuD  of  what  ve  jluw  call  tbe  bUo  : 

Thi'-re  rpniAlnaf'irine  tonpcikk  abimt  Jinother  Aoi't  of  gramiry,  bm  novel  an  any  I  haw  speii,  n.^  th  -re 
lecmt  muon  to  disbelieve  the  eiperienco  oFi^ood  found  in  their  une-  They  Are  iintd  in  LnOflxo'iUie 
and  Na  Unyenne,  whore  tli^j  omplov  the^o  ^'ranarics  more  than  in  any  ottitr  province  of  ThiB 
kiu^  forn.  Tttvv  are  dc't'p  pibfl  dii^  in  Uie  |jTor>iid,  called  "  i:ritfi"  into  which  oni>  de&i^nda  ivitb 
Udile)  q  for  brini-iTij?  in  ot  oarrying  away  the  fr^ddcr,  cto.  Pliny  oonnidL-rod  uuoli  pita  t'*  IfC  the  bi-iit 
way  of  [>r<<'4orvin]{  o  >m,  et>.i..  aa  wus  prjbctiact  iu  hiA  time  in  Thmce,  Ohp^miocia^  ItnThHry,  nnd 
Sp«in,  VdiT'^  wan  also  of  Ilia  opinion  up*KTtiii|^  that  whont  can  be  kppt  tiwe*»t  Jind  tntire  &>  ydlr", 
and  mill^t  I  Kl ;  at  tJie  qama  T.ipne  nLiting.  iui.im  r^i  Htrent-thon  biF  i]|iirijon.  that  whi>]]  Pompcv  I'la 
iirv^t  wa*  -weening  rho  sea  of  [ur^teH,  tiiere  wna  fo  md  at  AnihrBt  na  inr^'-  ^iifiplv  of  Ijpiinfl  (m  t'""d 

itid  PO'in<t  j-onditiMDV  in  «  ouvoia  where  they  had  r"in?Lmed  ntored  away  hitjoe  the  timo  when  Kiili( 

''yrTbui  wu  ligbting  in  Italy,  and  nearly  l;iOye«rii  bail  then  pwcd. 


In  the  edition  ni  the  name  work  nf  1^^  it  in  etdtcd  : 

In  IT"  17  t)i'*ro  wftfi  discovered  in  the  eitadel  of  Metu  a  Targe  quantity  of  eom,  plaocd  there  In  IV^ 
in  "Oe  t'f  tile  lin  h-r^fH>und  room-i,  whi'ir  it  vunn  hn  well  prcniTwd  that  the  bri-mL  whirh  wn^  xninle 
frpni  it.  two  centtirn:^  al't^-r  it  ho-l  Wk'n  piiuird  then-,  waA  found  verv  ti"'^d.  Ther*-  exHst.,  rmw  <1'^'4) 
il  A~idre%  Urpartmoiit  of  the  Poa  de  Calais,  onuof  thaH>?  underground  places  made  by  the  [toniani. 

1  Profuur  J.  P^  W-  Johnson  denuribeii  Clie  G>*rmaa  svitem  of  ailon  for  sonr  foilder  or  Har  l'tvis 
I  the  TntniiautLimii  of  the  HJ^blnndanil  AtTf^nlturid  Society  tn  liM-1.  HiH|iaper  ik  a  rimr  lUJOmrnt 
mJlng?  aa  praoti^eiJ  at  that  time,  und  mny  be  partly  reprodueed  here  tw  a  naefikl  contribotiutk  to 
h«  BngUah  literature  of  tbeHTibji'et. 

A  in^thr,i\  hail  lat^jly  l»nri  triei!  in  Gffrmany.  wbit'h,  by  tb«  aid  of  a  little  aalt^  n^rm*  In  a  gr-*t 

n'^»n'f'  t-^  attatn  ihis  object  (i.e..  to  prp*i*rte  th^  frwlintf  propertiefc  of  Rram  more  oomplrlely  than 

by  the  pnK^i-«  of  haymakini;).     P^Ia  are  •i'n:  in  rlie  i^arth  froni   li*  f'>  I'i  fvfi  minare,  ji!*il  n*  nmnv 

Ideep  '.  [h-^^  a"-  bned  mth  wood,  and  podilted  below  And  at   t'l"  HicJrf  wlffi    riav       T^ev  mnv  oh' 

oimlv  be  niude  of  m\y  other  bujl&ble  lUmunaionB,  and  may  be  Ehi«(l  ^  ito  brick.      Into  thin  pit  tire 
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In  Hungary,  sour  grass  has  been  in  use  for  many  generations,  bol 
the  uioilerii  practice  of  preserving  green  fodder  as  sweet  silage  appenre 
to  have  l>eeu  used  ttiere  for  only  about  llie  last  40  years.  In  Germany 
Herr  Beiblen,  of  Stuttgart,  described  his  appliiuices  in  1862 ;  while  in 
Fi-ance  the  use  of  the  silo  for  preserving  green  fodder  apparently  dates 
from  1870,  although,  as  stated  aboye,  used  long  before  that  time  for 
preserving  grain.' 


:"»i 


The  Value  op  Enkiiaoe  m  Sewage  Fabmiso. 

The  chief  value  of  the  process  of  ensilage  in  its  application  to  sew- 
age farming  lies  in  the  fact  that  the  large  forage  croi)s  which  are  pro- 
duced by  sewage  irrigation  may  be  successfully  preserved  for  feeding 
during  the  winter,  especially  iu  wet  seasons,  when  the  making  of  hay 
is  more  diflicult  than  iu  dry.     A  succession  of  wet  seasons  in  England' 

gmn  crop  of  prvb*.  cIotev,  or  Yftcbes  u  pat  Jttnt  jaa  it  a  cdL  Foqiot  5  CntA.  ua  inUolimed  Al 
■  limf,  lunnkled  with  nit  M  the  ntf  of  1  lb.  to  each  ciit...  uid  if  llw  <T»tber  lUil  cao>ti]afml<f 
(he  orop  bcdiy.  twotu  three  quvts  ■>[  nier  to  aaahcwl^  »bonld  be  aprinkifd  or«  eTtrrinoe— " 
tkjer.  It  it  only  when  rsin  of  ft  h«ATy  dew  hu  fftlW  befc^re  mowing  thftt.  in  Euit  PrnaB*^  i 
■Tklfruu  u  «aoiidr[¥d  uoneoeiar)'.  'Mocti.  bowcier.  muic  depend  upon  Uw  nccaleD»  of 
cm|L  Kaoh  lafer  of  4  nr  S  cwts.,  u  ipnad  evenly  ovec  the  bollom,  is  weU  tfoddco  dtnra  17  f 
■u  men.  and.  eiprei&IIr.  ia  rmmt»«d  a«  oloae  «■  povlhle  At  toe  ndee  with  the  aid  of  w 
mnmen.  Easti  Urn  i«  tlm*  ttlled.  wstecei  if  otctfaaiy,  and  trodilen  in  •noceaaioo  till  Uw  i 
fmrtrctij  fulL  Much  drpriiils  upon  the  |>erf«.-t  treading  of  the  ^^rata  for  the  exdnaioB  oC  tba  1 
■aid.  therefore,  for  a  pic  uf  10  feet  hiquv.  4  cwli.  acr  aa  muob  a>  ought  to  be  pat  in  for  ewh  I 
Between  each  iBTcr  may  be  >tnwe.l  a  fe»  hnndf  11I*  of  htnw,  in  ocler  that.  wbaD  eiiipl;  in^  %i 
ftfterwaida  for  toe  daily  ouufltitiipiinn  nf  the  stock.  The  qriaaut<r  t^ken  oot  may  be  koawit  witi 
the  iMoeMity  of  a  anwDd  wdghins  Vi'tita  Ibe  pit  is  tuJl.  the  li^nnoat  lajaia  well  aalted,  Uvr  whiM 
tbfo  CDTered  with  boarda  v  a  weU-tiltjng  lid  uiil  upon  tbeae  a  toot  and  a  bait  of  eaitb.  tar  ths 
Mon  perfMrt  eiolnava  of  the  air.  A  pii  iu  feet  squire,  ud  t  man;  deep,  willfaoldabaMSlii*aa( 
fieah  iraaA,  and  oaoh  ut  abmld,  if  p^ft^ble.  be  hlled  in  oot  leaa  than  two  dnjt. 

When  ooTered  op^  the  gnca  epeeihJy  beatx  and  ff  mtenta.  Ktd  aft«'  the  l^iae  of  about  ttx  dankh 
when  the  (ermentMioD  baa  ceawl.  the  wholr  ha*  «mk  to  about  oiw-baU  otita  original  bulk  na 
lid  mnal  be  KCamlned  during  the  fernienlatiun  at  leait  onse  a  dav .  and  the  euth,  a*  it  aakk,  c»r*> 
folly  replaaed  wbererer  oreTires  apfvat:  for.  if  the  air  be  allowed  to  am  admiiaiim.  a  pubebiMt* 
fermeaEation  will  OMoeva.  wbirh  wiil  impart  a  diaapeeable  odor  to  the  fodder.  UraafO  it  will  Mt 
pterenl  it  from  htfiB^  raadily  futeu  by  the  slock.  When  the  Gnt  fermentation  haa  <—■»  J.  tba  Kd 
majr  be  rmuoTed,  the  pH  again  lillnl  Kith  freab  gtaea.  tmddni  in.  ealted.  and  oomed  aa  bebna.  A 
pit  ID  tert  eqiure.  wben  perfveily  full  of  Ihu  fermented  graaa.  will  Mtttain  iM«rl>  Ift  tona — nml 
t0  ^  or  3  too*  of  dry  bay.  The  graaa.  when  thus  fermeoied.  Ada  rAe  «p^evrwit<v  of  hiring  Ice* 
AuiIhI,  has  a  ahaip  aotd  taiitc.  and  ii  e<e*<lily  ntrn  hi  the  «ttla  The  pita  ifaouhi  lie  kvpt  <*■- 
■ml  for  at  leaat  hi  mek*.  after  vhiijl  they  may  be  oprneil  mrceaaiTeiy  a*  they  aiv  ri-iutrrd.  Ml<l 
may  be  kept  open  till  their  eoatm1«  are  coDsumeH  bi  the  cattle  withotit  anfferiDg  iuiy  iniury  fm^ 
thcomiaei  of  the  almnapberic  lir  Of  ibe  fpedine  ijiialities  of  Ihit  olteil  fohler.  one  n|wtl- 
menler  ays  that.  bfi^Titig  only  -JUllia.  a  day  of  it.  along  with  chopped  itnw.  be  kept  oia  «am  ni 
condition  during  the  whole  wini^'r,  Ilia  green  <v^|i  was  vetohea,  and  the  twenty  pounda  of  ealted 
fodder  were  equal  lonr  would  bare  made  leea  thuui  fuui  pounds  of  letch  bay.  Aoothei  ei(«r)~ 
neDhvnra  that  onadaily  allowance  of  :tS  lb&  of  bb  (alted  fodder  hi*  cowa  gave  a  rich  ami  weO- 
tMi*t  milk 

Tbi>  method  n(  ultini^  %bA  [m^nriiog  gnca  onm  n  tlwir  moiM  Mat*  afpmn  ta  ■Itiu'i  •• 
•newer  to  the  iiiat  qneiitiDD  wlucli  i*  nalnnllr  ukM  «4m>  ««an  toM  of  tbe  dtntriiM  in  f^taf 
Tilne  Ivtweeu  theaaitw(n»  whi-n  first  i^at  and  when  dried  iota  ha<.  Ii  la  fcubable  thai  tba  lir- 
tn.'ntaiixn  which  tako  Maoe  in  the  pit  m*y  in  nme  degme  ilimiDisIt  tbr  oDiriuis  value  of  Iha 
giua,  but  the  hkeUhoM  which  crista  that  a  eery  larfw  t*«portiiin  of  thie  ralne  will  lie  inlaJBiil 
nnden  the  meUii<d  of  nlliug  In  thia  mannFt  well  wotUiT  tlie  attaotiai  of  our  mor«  akilful  ^ri> 
onltuitit*.  It  wi-uld  gTMlty  heiMGt  both  theory  and  praetioe  aim  wen  nreful  eerica  of  ei^uai- 
Bcnt*  to  be  made  ia  diffetaut  loealitiea,  with  Uf  new  of  itelmiuiBinC  *)"  " ^'  i*IMtv«  ekla*  b 
faeiliBtataMwkaf  Ibayrwaof  the  fluae  flaU  whn  Bewly  oil  and  whao  «tlnt  Mvl  |w»fT»4  tn  lb* 
BaaiMs  above  iliiaprihe*! 

•  The  foi>«iun«  anmrat  nf  lb*  mtI;  kiOot;  of  th-  nw  of  illae  ta  abatacNd  (tmb  a  Bcport  cs 
the  PoctiM  of  KiBll^*  at  Uooie  aad  AbrMd.  in  the  Joot.  o(  Ike  Ro).  Af.  Swt  «l  ^^.  tot  ^ 
MK■>r..^t9&     DjH.  K.  J*oklM.aN.«{tbeSi»a. 
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<luriug  the  last  few  yetire.  where  thi-  piacrtioe  of  ensilage  is  very  com- 
liiim,  have  tlcuionstnitcil  tlmt  even  when  iiiaile  in  opoii  stacks  the 
fur!i},'e,  l»_v  taking  the  iini|«'i-  precautiims,  can  be  quite  successfully 
preserved.* 

Enhilaoe  is  thk  United  States. 

Having  ^veii  in  the  preceding  parajrraphs  some  of  the  main  facts  iu 
the  early  history  of  ensilage,  we  may  now  consider  the  present  state 
of  the  art  jim  it  exists  in  the  United  Ktutes.  A  iinmber  of  the  Aprioult- 
m-al  Exi)enM»ent  Stations  have  experimented  on  the  various  methods 
of  prpservintr  forajre  in  sihts  which  have  been  pmposed.  and  ciHiducted 
various  investifjatiouH  as  to  the  jiliiiusnphy  of  the  process  and  the  best 
methods  of  nsinsr  it  in  our  climate. 

At  the  Jllin'iis  Atrricultnral  Experiment  Statiim.  Professor  T.  J. 
BuiTill  has  stiiiHfd  the  biidofiy  of  the  process  in  considerable  detail. 
His  pajter  thereon  may  he  consulted  for  a  good  presentation  of  the 
present  views  in  rejrard  to  the  cliiin<r'.'s  tiikiii;,'  place  in  the  silo,  but  its 
length  precludes  giving  niore  than  the  summary  as  follows  :  f 

Enailagp  ii  ii  very  variuble  jiroiiuct.  Tlie  vnrialious  are  due  tn  so  manv  faotoi's — 
incliiiHiiR  ililTiociii^Ps  in  tliP  oii^iiiiil  inateriiil,  in  tlm  Htates  and  conilitioiis  of  (Ite 
weatlipr,  tmil  i«  IIik  con*iniL-Hi>n  nf  iU<-  si<ira(j;e  bins— tlmt  great  caru  and  ninch 
kiu'wlpdgi?  LiiiiKl  lie  rei]nif«l  I'l  ii-tiiiri.'  ifasoiiablv  iinifonii  rcKiilts. 

Eiisiluj's  is  never  Inily  [iieseived  fiiddei",  bat  is  iiioi-e  ueaiiv  Buch  when  the  inasn 
luut  lifi'ii  veiy  b'lr  for  a  limp  iiud  lln'ii  hus  t\w  iijr  innst  thoronphlv  txcladed  by 
the  propor  cini.striii'ttiin  of  the  ^iln  and  thi!  den^fst  attainable  canditioa  of  IL<>  itia- 
terinl.  The  initiul  hi^h  teni|jeriitm'e  in  probahly  miiKlly  serviceable  by  oaUHiug 
this  closer  [infkini,'  ff  Ihc  mass  ratliej-  lUnn  by  killing  (he  germa  or  other  ferments. 

No  aitpreciiibli!  aliiiihulii!  fernienlatiou  oci'mn.  The  very  high  teuijienilure  otleii 
tttliiined  is  due  to  tun  or  more  speeics  of  rod-like  bacilli,  which  upjiMlt  to  caiiMe 
butyrit;  feiiuentntioii  an<l  its  allien. 

Lactic  ferniejitation  ia  most  abundant  iu  the  earlier  transformatioDH  of  ensilaKe 
not  originally  rifinj»  to  a  high  temiieratnre. 

Acetic  feiiueniatioii  only  opeurs  wlien  the  lem]ioraliii'e  Kinkft  below  3."i°  C.  |35 
F.).     A  lai!?e  proportion  of  water  iw  favorable  In  tlii.s  ehange,  and  the  sharply  acid 
maleriul  U  much  le.ss  likely  to  he  athtcked  by  deconi posing  agents  (other  hrvpleria 
und  mould  fungi t,     Eseopt  for  the  iliffefenec  in  density  of  this  iiiateriid.  that  origi- 
nallv  hot  subsequently  Koiirs  nearly  a«  rapidly  as  that  lesH  jieoled  at  first. 

The  liesi  L-nsnlts  are  obtained  by  the  most  n.'arly  perfecl  excln.sion  of  air,  Fi'r 
thia  pnrinise  uniform  distributiim  upon  liliing  tln>  nilo  is  of  more  importance  than 
]>ersistQDt  tramping,  because  the  pressure  of  the  mass  must  be  mostly  relied  u^xtn. 


Sources  of  Infoiim.\tio.v. 


Iu  regard  to  the  construction  of  silos,  the  paper  in  the  Journal  of 
thr   Royal  AgrieuUnral    Society   fi)r    1884  contains   descriptions   of 

•  Exprrinn-iitu  in  Mnkim;  RntiUsi'  ibiri"M  'he  Wnt  Scutm  of  PW*.     Jour.  Rny.   Aj.    Soc.  nf 
Eng  ,  vciL  XXV,.  ivc.  fet..  p  'J^ti      Uv  H    KniiiK-JikrkHon 
t  Til-  lliol.igy  nf  EriKiUgf^.     By  T.  J.  Batrilt,     U.ill.  Su,  7,  Nov..  !*•«.   Uni».  111.  Ag.   Bx.  St» 
17 
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utarly  every  form  of  silo  that  lias  been  used  abroad, 
there  treated  under  the  following  heads ; 

1 1.)  Bilo  wilboiU  roof. 
(II.)  Hoofed  nilii-i  ivilii  |)OL'tiUili^  wiiigbts. 
II.  Sitage  iiiii-Uo|)]>e>l. 
b.  Silage  («i1lv  fiic>|ijitil, 
c  Silage  enlirely  i'lioi)[i('d. 
Silos  with  meitliiuiiuai  ineaus  of  comprea«ion> 
Foreigti  silos. 
II.  Fmliee. 
b.  The  Netherlands. 


Tlie  matter  is 


(in.  I 
(IV.) 


The  anthor  of  the  paper  states  that  he  has  refrained  from  giving^ 
details  of  American  practice,  in  consequence  of  differences  in  olimute 
rendering  it  an  uncertain  guide  to  English  furuters.  It  is  clear,  how- 
ever, in  the  light  of  the  more  extendetl  experience  of  the  present  day. 
that  generally  the  results  of  English  and  French  practice  are  applica- 
ble here,  and  the  paper  may  be  accordingly  referred  to  for  excellent 
illustrations  of  many  useful  forms  of  silos. 

The  construetiim  of  silos  ha.s,  however,  been  discussed  at  length 
during  the  last  8  to  10  years  in  nearly  itll  the  American  agricuUuml 
journals,  and  experiments  as  to  the  best  form  for  American  couditiuus 
made  by  some  of  the  Agricultural  Experiment  Stations.  A  reference  to 
the  bulletins  of  the  several  stations,  and  Reiwrts  of  State  Boards  of 
Agriculttirc.  will  furnish  the  necessary  information  to  anyone  propos- 
ing to  build  silos,  or  in  pursuit  of  information  in  regard  to  the  use  of 
silsge  for  feeding  stork.* 

Esi-EuiMEST^t  wrra  Rve-qrass. 

Tn  the  chapter  on  Broad  Irrigation  it  was  remarked  that  one  chief 
difficulty  in  the  way  of  making  sewage  fartuing  return  a  commercial 
profit  has  thus  far  been  the  impossibility  of  pi-eserriug  the  hirgt? 
forage  crops  of  Italian  rye-grass  for  use  in  winter.  Ex|>eriui<')itK  havi? 
been  made  in  EiiLrland  in  ivfcreiice  to  preserving  the  rye  gra.ss  in  slliis, 
with  the  I'esnlt  of  indit-atiug  that  superior  silage  may  be  intide  fn.>m 
rye-grass  by  this  process.  I-'urther,  the  ease  with  which  c»im  fom^o 
crttps  may  be  grown  after  ordiniu-y  grain  croj^s  are  harvested  In  Jnly, 

■  Till-  fiillowiufc  RifpoiU  uul  tliillTtius  ot  the  A)*ii(.-n1liinl  KTprrimnit  StMion*.  AgTMultonil 
B.iHtiU,  ftc.  H'liy  I*  nin»iill*d  : 

,n  UUuul*  (LToiTMsily  ..n  Ag.  Kx   Stm..  Ball    No   3.  Aug..    ISA     lifiuUcr.     lly  TtomM  J 
llaiit.     f  lim  %u  kcooiini  nf  tlin  flilin;  at  >  ailn.  wiiU  htaUm'nl  i>I  oimtitiniui  nt  nialoita  •*>> 
■,(>aii<-'l  6'{  Binnlha  itftcf  filtlni:.  xllh  f>~iliiu  rxiwrlnicnki.  tic.     II)  |>|>. 

I     Munp(-t«l-  C-!lee«'  M    *■'■'  ^'*'  An   It-i.l    fur  !•«..     l>i>vri«w*  cidiv.- 
,{, ;.  .Lil.lc'  nutirr  of.  (TSnpiUTd  aiUi  ha)  ;  dicuiUlilblr  ■>!.  a>ni|ia>*-l  wiifa  runi    < 

vl)  Hi'^liJKVi  D->u>''4  AcricnliaT*  Rtpurt*  (w  llw  jrwn  l)i<n.  in«:.  t!«<.  I'M).  «li4  I'VIl 
Iniltf'.tUl  All   B»H  >l»**.H'li»-n»»»"iiaM"#»«»W«»*«l»»l*!i  •*M«1^(«'~  im«l*  Id  l>*'I'.3 


I 


EXPKKIMK.VTS   WITH    RYK-ORASS. 


35» 


^: 


eir  aila  built  >t  tlie- 


forced  forward  during    the  warm    weatlier  of  that    month    and 
Locust  and  the  early  part  of  September  by  judicious  sewage  irriga- 
tion, and  when  mature  preserved  by  i^usilage,  triveK  sewage  iiTigation. 

tad  1889-3,  inoluding  mist  u(  oomtruoting  silo,  feeding  laraa.  etc. ,  with   reiulti  of  fe«iing  tx- 

In  tbe  '^'ith  An.  Kept.  ll^-^Tj  in  given  &  disonuion  an  Ennilnge  >t  the  Frumont  Ina^tnte.  FeU 
3,  1887.  pp.  aTU-1«a. 

In  Iho  'JTtli  An.  Kept   (I8W)  iuforinktiDD  ia  given  in  regiitil  to  uon  of  ne 
oolJege  fuEU  the  previoui  year,  eto. 

rln  the  ^tli  An.  Rcpt.  (ISSII)  under  tbe  hend  SUoa  and  Eniiloge  the  fullowing  apsoul  poioU  u* 
wiiined  : 
L  t^oven  yeacd'  ejperivuue  with  Silim  ami  Eiisilaae  at  tlie  College  Farm. 
II,  Vif-«A  of  Fromihent  futniL'n  uf  Vticliigun  on  Ensiluf^o 
IlL   Enpenmentii  with  Eruilogo  m   Corn  LiiLrvB-tcd  iu  the  ordinary  manner. 
IV'-  Comparative  test  of  varieties  of  EuaiLage  Corn. 
V.  ForagB  plants,  Luocrne.     On  hurJ  graan.     Pp.  ■a3--n:i.      iReprint  of  Bull.  Ho.  «.) 
,         The  cbemieal  eompoeition  of  etiailaged  corn  ia  given  in  BuLL  So.  40,  reprinted  in  Art.  Kept.,  pp. 
SIie-300. 

Pmreator  A.  J.  Conk  bIhd  diJuasBea  "  Silo  and  Enailage  "  in  tbe  Report,    being  ■  Isotnn  at  tha 
CentreiillM  luttit.ite.  Feb.  ID.  188'J. 

In  tliB  2iitij  An,  Ropt.  |1^*1)  I'rofwaor  A.  J.  Oook  ODntributas  a  paper.  The  ffilo,  in  which  tba 
mam  hcada  are  : 

IL  ImportaDce  of  thi-  >^ilo, 
II.  Tbi:  beoi.  crop  foi  Milage. 
111.    How  "hall  »TpUnty 
IV.   L'tcAtJrm  of  tile  ^lio. 
V,   Building  a  Silo, 
VI.  Sue  of  the  Kilo.     Pp.  4'?0-l^ 
I    In  the  Mime  Rept.,  pp,   I3ll-l»e,  Df,  R.  C.  Kedtie  pieaenta  UbuUled  analyaea  gbowing  tb* 
bbang'H  wUiob  tako  pliuw  in  tbe  eilo. 
(4j  HinoesotalUnivcrBity  of)  Ag.  Ex.  Sta,,  BuU.  Nd.  8  (July.  1S80).    Short  aoaouDtof  u  ex- 
pwriinent  in  ensilaging  tlover. 

(5)  Ni^w  Hampshire  ,\g,  Ei,  SU,,  Bull  No.  1  (April,  16i38),  on  "Enailage."    Bull,  Ni>,  3  (July, 
lIBSS),  ■'  Eni-ilftge  "  in  Dairy  Farming, 

(6)  Se«  Yoik  Slate  Ag,  Sta.  at  C.cneva,  An,  Repurla  tor  IBS."!,  I8S7.  1888,  1H8B.  ISUO. 
The  l>lh  and  Tth  An,  Reports,  IS-ST  and  iS86.  contain  an  iicconnt  of  a  nucceufiil  eipeHment  in 

pmerring  Silage  in  the  open  air.     (tith  Rept.  pp,  Ti(-T-'>.     Tth  Rept.  pp.  3^26-330,) 

AnalyaeB  and  ros^ilu  of  eipcrinieiibB  on  digestibility  of  silage  are  given  in  tbe  Btb  An,    Rept. 
1l»Sll|,  pp.  93-M. 

A  Dumber  of  comparative  feeding  nxpRrimciita  are  given  in  the  nth  An.  Rept.  (I^t90). 
17)  Peno'ylvanln,  Statu  College  Ag.  Ei.  rtta.   Reports  for  !*<','  and  IMHO,  rontain  the  remit*  ot 
tnnmbur  of  comparative  experiments.     See  Rept.  fur  ISsu,  "  Comparison  of  Ensilage  and  Field- 
Coring  (or  IndLinCom."  pp.   IIS-UIT;  Rept.  for  ISIW,   "  Etiailage  and  the  Corn   Crop,"  pp.   43- 
I'J!:    Bull.  No  il  (Oct,,  188fll.  on  Digestibility  of  Corn  f'oihlpf  und  Silaye.  may  be  iIbo  oonmlted. 
(S)  Vermont  llth  An.  Rept,  .State  Bd,  Agricidture,  IStill-Uii,  -Corn  Foiidec  and  Ensilage,"    By 
aonicr  W.  Vail,  pp.  ^i'il-a'J-i.     See  also  3d  and  «h  An.  RcpU.  State  Ag,     Ei,  Sta,,  ISSUaod  18'JO. 
|«|  Wiseonsin  Ag.  Es.  Sta.,  fiCh  and  7tb  An.  Repts.  (I8S0  and  IS'.II),     In  the  lll.h  An.  Ilejil, 
^IBSil).  ■' Kjperiment*  with  Fodder  Corn  and   Ensilage."  pp   i;ia-H5.     In  7th  An,  Rept-   lISlMI), 
■■'Corn  Silage  vt  Dry  Pinidar  Corn  (or  Milk  and  Buttii  Prodcielion,*'  pp.  80-9T;  alao  "Oompari- 
I  IU  uf  Sil.ihig  and  Field- Curing  of  Tndian  Com."  pp.  815-^37. 
Bull  No.  ■M  iJnIy,  IS'.II),  "Thi-  Cunstrnution  of  Silos."  may  be  conaulted  for  many  detail*  at 
nt  silo  eolistraction  in  this  oomitry, 
I  fiiregoing  list  of  recent  -American  literntLire  of  the  nilo  and  prooesa  of  making  silajfe  tnakea 
kiln  to  ivmpletenesB,     It  niereiy  tepre«euta  what  the  authors  have  been  able  to  get  together 
wiUiont  sj>roial  eflbrt,     Tbe  snbjeot  is  discuneed  in  eeveral  report*  and  bulletins  of  the  Agricnlt- 
ufat  Expcrtment  Stationii  not  referred  to  hen.     In  addition  *  nnmher  of  apvoiol  Ueatioea  hare 
Lbten  pnblisliad. 


^1 


SEWAGK  DISPOSAL   IN  TUE   PNITKD  STATES. 


hrmers  a  ootnmand  of  the  situation  which  they  have  not  previously 
had.  The  following  from  the  paper  in  the  Journal  of  the  Boyal  A^rri- 
cultural  Sooii'ty  of  Elngland,  from  whifh  we  Lave  already  quotevl,  will 
st-rve  to  show  the  certainty  with  wliioh  even  the  rye-grass  miiy  be 
made  into  sila^," 

Tlie  silo  is  14  feel  lonnr.  13  feet  deep,  and  6  feel  wide,  uid  in  %\xm  ground,  being 
onDstmoted  ol  l-t-JDcli  brii^k-woi'k  wiih  a  floor  of  5-iiiirli  cetupDl  coDcrele,  in  the  end  ' 
of  a  tiom.     Its  c«sl  was  aliont  llti.  i&,  M.  ($9-J),  and  il  will  last  pn>baUT  ■•  long  m  ' 
«[■  cun  look  ttn-n-ard  to.     Il  vas  filled  in  Jul;,  and  we  {>ai:pui>e  beginning  ngnin  in  .' 
Jntip,  188*. 

The  pitted  matt>riAl  nas  sewaged  Italian  rye-grass,  abont  4}  acre«,  and  wtien  pul 
U>  pnt  in  tlie  silo  mus  nrnre  (ban  ripe.  It  «as  cLop)>ed  into  1  ol  an  inrli  leogllu 
hj  stenm,  Mnvuai  d's  oliaff-ontler  being  nsed.     Suit  was  udded  <<d1j  to  preseniB  iL 

The  silo  was  lUled  iu  two  ilavs  of  5  lioars  eaolt.  and  (>rvrT  Ujer  of  almut  ds 
incites  was  well  ramiuetl.  '22  lbs.  of  sail  Iwiu);  nddrd  to  faeli.  Tlie  fodder  was 
«OT«i>ad  with  boards  rlosel;  placed  and  veiglited  vilL  bags  of  sand :  no  ntecliani- 
od  couiriraiiee  was  used. 

The  &ilo  i-t^ntaiiis  from  10  to  13  lona  61  for  nse.     Tli«  coreiiDg  witL  oM 
boMidi  and  sand  cost  aboni  'it.  and  (be  expeiwe  of  filling  was  &/.  S*.  M. 

Bv  ihi»  »iTstein   llie  land  can  be  rieved  mncli  qaidK'r,  dieaptfr,   and  witfc  IcmI 
waste  tlian  by  liyiug  to  make  f^va^x-fiMfa  into   bar      Inilpt>d.  for  two  or  Uumi 
teats,  *v  havi?  found  il  inij-ossible  to  pel  such  Italian  rte-giasB  dij  envngli  to  pmt-  ] 
Tent  it  d^stnivin^  itsrll  by  Imt.  on   nci'onnl  of  Ibp  jiiiws  and  fal  contained  in  lb*  I 
grass.     Willi  ivgai\l  lo  keepiujc  qualitieti,  a^  this  i;^  llie  first  ulo  we  have  filled,  wn^ 
on  nntr  «aT  llutl  ■'e  u|<eDed  il  on  Deoeniber  IK,  ISM,  and  Iwt«  c>H)iiitiMid   nmi^  1 
Hime  of  it  every  da;  iatvcv  iLimi  npt't  litis  dale,  I  lib  Jannarj,  1SS4.  adl  it  i»  not  in* 
jutiuiult  nRVv-ttHt  liT  tl»<  atmosphere  beini;  let  iolu  it.     Hofsee.  i-atUe,  and   >be<-p 
eat  thn  mUri'  from  ibe  silo  with  erml  aviditr.  and  I  slioold  Uiink  from  Ibe  littl« 
«a|ieriotii>e  1  harp  liad  iu  fmlin-;  will)  cils^  it  is  best  and  mast  effrctin-  and  valon-  j 
ble  when  uii\«l  w^lli  Htraw.  or  rom.eliaCC  o*  Uiy  other  ordinu;  fv^-d  tint  reqnir 
MOMthing  In  incrvaaii  lis  fendiiic  nJne  nnd  mak*  it  patatabfa. 

Id  Kfnu^  to  the  qiinlity  of  the  rve-frrafis  silap-e  the  author  o|i 
report  stat«s  that  on  ai-v-ouut  i>f  the  inteivst  attaihiu^  to  this  attet 
to  prv>seni-t.>  sewage-grass  by  means  of  ensilage,  he  visiteil  ibe  tiilo  ia' 
question  ou  LV««niber  18, 18AS.     Evideutly  the  grass  had  been  allowed] 
to  get  ilead  i-i[>e  beiorv  filling,  and  the  i.-ous(-<|neD4.-e  was  that  Ihe  Kihig*^ 
was  siagularlv  dry.     Fermentaliou  hatl,  however,  t:tk<-n  plaice,  bnt  tlifTe 
was  a  uunsiilerablc  amount  of  mould  near  the  outsidf  wall.     A  sampla 
lakeu  fn>m  thv  interior  on  Jtuiiiary  3,  1881.  was  found  to  n>ntaii)  only 
kSS  |HT  ivnt.  of  water.     This  sample,  \H>th  in  a  box  aod  Iwttle.  was  stiU 
:|M'rfei-tly  g\Hxl  in  the  middle  \>f  Man-h,  ivtaining  to  the  ftill  its  amma. 
Mr.  Jenkius  ventures  the  opinkui  that  the  result  of  this  experiment  is 
vwry  eiKOttfaginfr,  ami  suggcists  a  Wtter  outlook  lor  sevmge  farma. 

Kxperimoiits  ou  making  sitagv-  from  rye-grass  anil  ot»  the  feediuit 
of  oattle  with  the  saiue  have  Ik*u  couducletl  at  the  iVewe  <Eiiglandt 
aewagv  (amt.  with  the  rtwitdl  that  the  increase  in  weight  of  cattle  fed 
on  flilaire  f^  *  giiiVU  time  wa^  ixutsiderablr  in  exivs«  of  tlie  inereaso  of 
weight  in  th<iH>  fed  on  h«>'  aloue  for  the  »*ue  length  itf  time. 

*  Fw  ■hiWiia.iM  al  ittiv  »»■-«<  >to.  GmwM  Tylw.  M^t.  a  fHMiH  ^  -  -  ai  |- 
m4  AknaA.  (M-.  «  rfk.  IST-HK 
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INTERMITTENT  FILTRATION. 


OmaiN  OF  iNTEBMirrENT  Filtration. 


I 


The  first  meDtion  of  intermittent  downward  filtration,  as  a  process 
of  sewagi'  purification,  to  hv  found  auywLert?,  ia  in  the  First  Report  of 
tlie  llivei-8  Pollution  {'i>mmisMioii,  made  in  1870,  where  ia  recorded  a 
Hcriea  of  expeiimenta  on  the  filtering  capauity  of  different  soils  as  car. 
ried  ont  in  the  laboratory  of  the  Commission.' 

In  disciisaing  interraittout  filtration  the  ConimiaaionerB  say  that  the 
purification  of  sewage  by  filtration  through  eand.  gravel,  chalk,  or 
cei-tain  kiuds  of  soil,  if  properly  carried  out,  is  the  most  effective 
means  for  tho  purification  of  sewage  of  any  to  which  rctoreuce  has 
been  made  (in  their  report) ;  it  is  further  stated  tliat  irrigation  owes 
no  iuconsider.ahle  amount  of  its  success  to  the  contemporaneous  effect 
of  the  filtratiim  of  the  sewage  through  the  soil  of  the  irrigated  fields. 
These  statements  seem  trite  enough  now,  although  in  1870  they  were 
somewhat  in  adv.iuce  of  the  cnrrent  views  on  the  subject. 

The  Commissioners  begin  their  discussion  by  an  account  of  some 
experiments  on  tlie  continuniis  ii/itaird  filtration  of  sewage  through 
sand,  and  conclude  that  that  form  of  filtration  "is  ineflicient  in  the 
purification  of  sewage  from  soluble  off^onsive  matters."  These  exper- 
iments also  showed  that  nitrification  took  place  only  so  long  as  the 
pores  of  th(!  simd  still  contained  the  air  with  which  they  were  filled  at 
the  beginning  of  the  experiment. 

Experiments  were  idso  made  upon  various  kinds  of  material  with 
the  sewage  flowing  intermittently  down  through  the  same  ;  hence 
intermittent  downward  filtration  in  contradistinction  to  continuous 
upward  filtration.  In  the  fii-st  place  the  effect  of  downward  filtration 
through  15  feet  (1)  of  sand,  and  (2)  of  aand  and  chiilk  waa  determined, 
after  which  the  efi'ect  of  filtration  thiYiugh  about  6  to  6  feet  of  different 
soils  was  studied.  In  these  latter  experiments  the  first  soil  tried  was 
a  very  porona  giavel  taken  from  the  field  at  Beddington,  near  Croydon, 
which  had  been  under  sewage  iri'igation  for  five  years.  Tliis  soil  gave 
a  satisfactorj'  purification  when  filtering  at  the  rate  of  7.fi  Imperial,  or 
abont  9.1  U,  S.  gallons  of  sewage  per  cubic  yard  of  filtering  material 

■  lit  Fkpt.  RiT.  Pol.  Com.,  pp.  60-T(1.     Aim  hs  p.  t38  of  Mine  report. 
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per  diem  ;  but  when  the  rate  wfta  doubled  nitrification  ceased,  the  pores 
of  the  soil  becoming  blocked  up  ho  that  they  would  no  longer  truusmit 
the  whole  volume  of  sewage  supplied  and  also  afford  time  for  aeratiou. 
Analyses  showing  the  degree  of  purification  reached  with  different 
qnantitiei^  of  Kewiig:e  applied  are  given  in  the  report. 

Various  other  soils  wci-e  experimented  upon  at  length,  but  the  re- 
sults now  have  hiHtorical  value,  chiefly. 


DEFiNrriox  of  IsTERmnrEsx  Filtration. 

Bather  siugidarly  the  Rivers  Pollution  OommiBsiou,  while  ariginat- 
ing  intermittent  dowunard  filtmtiou,  did  not  pro|>ose  a  comph-te 
deEnition  of  it  aw  a  pn>cess  of  sewage  purilication.  This  deficiency  is. 
however,  fully  supplied  by  the  Royal  CommisBioners  on  Metropolitan 
Sewage  DiscliarKc,  who  define  the  ilifference  between  broad  irrigation 
and  intermittent  filtration  as  follows  :  * 

Broatt  iiTigation  meaus  tlie  distiibntion  of  sewage  over  a  large  nurface  of  orOiaar? 

•grifultuiiil  BWUiiil,  having  in  view  a  maximnm  grawtli  of  vogt>tntii)n  (couaistenlly 
witli  due  jmriBL'atiou)  for  the  amonut  of  sewage  RUpiilletl.  Filiiiilion  menus  ilia 
conoeiilralioii  of  si-naRe  nt  slioil  iiitpivals,  on  uu  :iiea  of  8|)et'iiilly  <'lni«en  ponms 
piiiuinl,  tts  x"i,ill  us  will  alistiil.  ninl  clpaiise  it  ;  not  exflucliiig  vegetation,  but  nink- 
lug  lUe  proiliico  of  sct'otiilaiT  iiii|)ortii,ii<-e.  Tlie  inliTinittcncv  of  aj>|ili<.'aliuii  ih  a 
gine  qiiii  iiuii  even  in  uuitablj  (.'onnlitnteil  xoilx,  wliercf  m- comjilntc  sacot'HS  is  aimed  at. 

The  Tbeory  of  Inteumittent  Filtration. 

The  foregoing  definition,  while  siifticiently  comprehenBive  (or  a 
workiug  statement  of  what  intermittent  filtration  is,  can  hanlly  be  coii- 
Bidered  applicable  in  the  broader  aeuse  of  how  the  purification  nt 
sewage  is  effected  through  its  means.  Tbia  we  have  already  seen  is 
through  the  agency  of  nitrification ;  hut  in  order  to  obtain  a  clear  iilea 
of  how  nitritiration  proceeds  in  the  filter  we  may  consider  the  theory 
of  intermittent  filtration  fmm  different  points  of  ^iew  a  little  in  detail, 
using  lis  a  basis  fur  Muh  ]>urpo8e  the  discussion  in  the  Masaachnsetts 
Special  Ui-jiorl,  I'art  1 1.,  |>p.  Krifi-HIl^,  and  further  information  fi-om  the 
report  of  the  Massachusetts  State  Board  of  Health  for  1891.  p.  4^.i  »-/ 
ecy.  The  working  of  a  filter  may  bo  considered  as  *'Xplaine<l  in  thn-e 
ways,  namely,  that  its  ai-lion  is  either  mechanical,  chemical,  or  bi'>log- 
ieal.  The  old  view  was  that  filters  are  merely  strainers  ;  this  ia  *» 
familiar  that  the  won)  filler  lias  come  to  mean  onUnarily  a  mora  or 
h'ss  perti>et  strainer.  Tiiis,  however,  cannot  apply  to  intermittent 
filtraliiiii.  An  area  of  sandy  soil  may,  it  is  true,  l)e  a  very  effe*-tive 
straini'r.  but  if  worked  intirmitteutly  it  is  much  more  than  this,  A 
strainer  soon  chokes  and  must  l>e  cleaned,  but  an  intermittent  filter 

•thix  l;»|K.  ttOlsS)  p.  M 
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IS,  in  a  large  degree,  self-cleuniiifT  propertit's.  a,  plieiioraeoon  actimUy 
lown   at  the  Lawrence   Experimitlit   Station,  where,  after  over  four 
[yviujB  of  use,  the  iiiateriiil  of  some  of  tlie  filters  was  still  cteau  enough 
to  do  good  nervivii,  althoujrh  the  1891  report  wtates  that  organic  mat- 
ter does  ac<:uiuulitte  in  the  filtering  timks,  bo  that  probably  some  arti- 
Itioial  aid  to  eleiiusing  must  eventually  be  employed.     Tbu  rertults  of 
laoialyais  and  a  L-ompuriaou  of  the  L-hemical  foinposition  of  the  Law- 
rence affluent  with  that  of  the  elHueut  diaprovea  the  mechanical  theory 
of  the  filter's  action.    There  is,  indeed,  in  the  life-liiBtory  of  an  inter- 
mittent filter  a  period  iit  the  very  beginning  when  the  purification  is 
but  little  if  anything  more  than  mechanical,  but  under  the  best  con- 
ditions there  speedily  begins  a  change  of  the  profoundeat  significance. 
■  The  dissolved  organic  mutters  no  longer  pass  out  as  they  came  in, 
The  suspended  inattei-s  mostly  cease  to  iiecumulate:  both  appear  iu 
the  eftluent  under  other  forms.     Mechanical  processes  alone  could  not 

I  effect  the  changes  which  oucur  under  conditions  excluding  the  purely 
inechauica]  hypothesis. 
A  striking  example  is  to  lie  found  in  the  operation  of  Tank  16  A,  an 
descriijed  at  pages  .563-5G7  of  the  Special  Ilcpi>rt,  I'art  IL  This  tank 
is  composed  of  small  stone,  the  spaces  between  which  are,  as  compared 
with  much  of  the  ortranic  matter  of  sewage,  of  infiuitely  large  size; 
yet  the  changes  wrought  by  this  filter  lu'c  fur  more  extensive,  the  puri- 
fication far  more  complete,  than  in  filters  of  peat  or  garden  soil,  which 
are  mechanically  netu'ly  perfect  strainers.  It  would  be  hard  to  find  a 
better  example  of  the  pds.-iibilities  of  sewage  filtration  than  this  tank 
supplies,  yet  it  testifies  iu  the  clearest  manner  to  the  alisalute  insig- 
nificance of  any  merely  mechanical  factor  in  the  puiification  of  sewage 
I  by  intermittent  filtration. 
The  theory  that  the  action  of  the  filter  is  fundamentally  chemical  is 
much  mi>re  reuwoiiable.  The  powers  of  intermittent  filters  to  effect 
chemical  change.s  are  abundantly  testified  to  by  the  detailed  investiga- 
tion recorded  in  the  M as sachii setts  Special  Reports.  Moreover,  the 
ti-ansforraations  effected  are  so  thorough  that  purification  by  fire 
readily  occurs  as  an  lundogous  transformation  which  is  piirely  chemical 
in  its  operation.  The  view,  however,  that  an  additional  factor  in  inter- 
mittent filtration  must  exist,  was  recognized  at  the  very  beginning  of 
experiments  upon  intermittent  filtration.  Thus  IVankland,  although 
insisting,  in  hia  original  discussion  in  the  first  report  of  the  Rivera 
Pollution  Commission,  upon  the  chemical  charncter  of  the  purification 
lobtoined,  referred  to  the  process  as  au  act  of  respii-ation.  adiling.  almost 
|auconsciously,  the  vita!  to  the  purely  chemical  idea.     Frankland  says : 

Prom  all  those  oiperimentn.  then,  it  dpiienra  tliat  the  action  of  the  Alter  niiiHt  not 
Lba  considered  as  moi-ely  nieclianioal.  Th<^  procesw  cai'rieil  on  in  it  i.s  also  cht'iiiioaL 
iTiltrktion,  properly  conilitctcil.  resnlti  in  the  oxidation  siitl  Irannformntinn  of  otTen- 
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sive  orgftuio  snbstancee  in  solntion,  ss  well  as  iii  tbe  mere  n)p<rhaiiifal  s^pu&tion  at 
tbe  stis|«Dded  solid  matters  wlilrh,  «tiea  in  motion,  Bevage  coavevs  siih  it.  If  tLe 
piucess  coDJd  be  carried  one  sli'p  furtbei, and  ILomj  luU'Uilii^sij  inorgacic  salts,  which 
are  carried  off  h\  the  eSlaeDl  uattr  of  a  perfect  sewage  filter,  in  loti  dilnle  a  solu- 
tion to  be  I'lMlitablv  e^Craoteil,  iMuld  be  cnoverted  into  something  po^itivelj  asefiil. 
the  remedy  would  be  complete.  We  should  have  succeeded  ia  not  oniv  abatiiig  an 
injonous  unisaiice,  hut  iu  realizing  a  proiluct  which  would  help  to  refund  eipenaea. 
This  further  step  is  pu»>ible  in  the  gieut  majoi-itv  of  ciiaes,  and  it  is  to  the  plan  of 
n«ing  sewage  in  irrig»lii)n.  as  being  in  renliiT  «  KltrBtion  of  llie  liesl  kind,  plia  t, 
conversion  of  its  dlthj  contents  into  ralualjle  larudacts.  thai  we  h*Te  nu«  lo  direct 
attention.     .     .     . 

Bat  A  filler,  as  Ims  I<eeii  ^Ireatlv  Hhown,  is  not  »  mere  meehaniral  ooDtriwicf. 
It  is  a  machine  for  oxidizing,  and  thus  altogether  Itunsforming,  a.>  well  as  for  merelr 
neinratin);  the  filth  of  diitT  water.  And  in  this  respect  espeviallT  ini^tton  oeces- 
sBnljr  includes  filtration.  Sewage  traversing  the  linil  undergoes  a  prueess  to  some 
extent  analogous  to  that  experienced  by  blood  passing  throngh  ibt-  lungs  in  the  act 
of  breathing.  A  _Md  '/ parota  totl  intffitfti  iHlrrniiHenlli/  rirlU'iiJu  i-^fm'm»  nfi  in^ 
(jf  re^iiibuw,  oo]fjfi»g  lut  um  wuinBOMi  tcalu  Ih-  />(»<;  iiitiiia  <yii  AiwifJriwj;  •tMrm<A:  /or 
U  u  aU»iiatabf  raeeivimg  and apiritig  ttir.  'mii  thuit  iloilmg  at  na  HnUiiiui/  agent  irilk 
AtJUligJtMidKkiekiMinMiitplJknHi!^  0.  Aid  a  ^kole  acn  e^  toil,  3  or  * /tut  <i«ij>, 
frmtmtimg  «Tiite>  il  tmrM  ait  enorvioia  IwHtf  tutfaet,  tn*tt  b»/^  »tq>«ri»r  at  wt  oaiduer, 
yW  dtaHtig  mik  ikt  dminage  t^  lOOpenpb,  <o  any  filer  thai  omit  ttfmeti<n^  mritd 
Jhr  tkit  payott.* 

To  ttu*  item  in  the  character  of  both  inigatioa  and  filtralion  a»  cfaeuical  javc- 
Wns  lhe«e  mnst  be  added  anoUier  cletmsing  ageoOT,  also  of  a  cfaeauck)  kind,  ia 
vliwh  the  former  has  very  gi-eatlr  the  advantage.  We  rder  to  the  actnaj  appetite 
for  certain  di.osolved  impurities  i»  filtbv  water  wbicfa  mhI,  whether  in  a  tank  or 
eov^ring  a  field,  owee  both  to  geuenl  surface  allractioi  and  to  the  cbeaiieal  affisi' 
lies  which  some  of  its  ingiedit-nl«  poagefw.  This  appetite  ia  doabtleas  vevr  limited 
in  ita  amount,  but  it  is  directly  projiortioiial  to  the  qtHBtiiv  of  material  exerrtsing 
it.  The  superior  capability  of  this  ktnd  whirh  the  aoilof  a  field  jiogscoacK,  in  com- 
pansun  witli  lliat  in  »  limited  filttatioB  tank,  deptods  partly  oo  the  iminevsel* 
gtealer  iiuautitj-  of  cleutsini:  material  wfakli  an  a«re  dtaijMtl  perhaps  4  feet  der|> 
nacessai  ily  brings  lo  bear  npon  tbe  filthv  flnid :  l>ul  alio  ami  csjbchU;  on  the  fart 
thai  in  the  foimer  caae  this  is,  Meff|>t  iu  winter  liiue,  alwajs  kept  aliTe  and  fresh  tir 
the  action  of  plant  growth  IB  coustHttlr  ranaaviBg  the  depoailed  imporitiee^  asd  re- 
building  them  into  wbuUwome  o«>c>nic  stractnres. 

We  soe,  then,  thai  Pr.  Fnuiklaiid.  ulthouidi  strannaoBly  insiskiBfr 
upon  the  chemical  ualare  of  tbe  pQridi-Htkio  obtained  in  intermitient 
filtnitioii.  uevcrtheK'HS,  iu  the  |H>rliou  which  ve  hare ttallicueil,  <le&>eil 
i»niUtious  whii-h  we  now  know  oiu]  nuly  l>e  8atisAe<d  by  aaKutuitig  llint 
uirrt)  orinuiistui$  itre  au  iiiilis|M'ti^n)>]e  elemcDt  lit  the  cuitstitation  uf  a 
i)ttanv«ftil  interiuitteni  filter,  heitce  the  tituil  view-  is  thjU  the  a{M>nttitm 
olmrh  A  fiilejr  is  essw-ntiaHy  l>iolit^enl  nttlier  than  either  tuechauifal 
or  chemii-al. 

Bioloirii-'Al  phenoiiuMta,  huw«Ter.  «le|>ew]  npoit  chemical  phaootneua, 
and  in  ortter  that  Dr.  FVaaklaiid's  ael  of  n-^ipinUion  i-au  take  place,  Um  I 
pnsciMKi  of  It  sukitll  Uil  stiffieienl  (|uiuititir  uf  free  oXTgtn  i^  imlispeti- 
mAA^  This  is  h  ell  i-st;«l.UfJn>l  hy  the  expcrtmeDt  tipan  Filtf?r  Tiuik  Ko. 
14,  as  (teluili^l  ol  |>MRes  14t,  1«0,  730.  atwl  TS4  iif  the  Ma9^w<:liasctU 
Special  Bi'i>"rt,  l*wt  11.  .\s»itt,  the  bJt^Joeioal  theory  .lemantU  th» , 
pceeeauw  au<I  aetivjiy  of  livius  xoMto-otguaaae,    Xu  the  chapter  on 


THB   NKW   THESIS   OF   INTEKMITl'ENT   FILTKATION.  265- 

Nitrifii'utioQ  iiutl  the  Nitiifyiug  Orgiuiism,  we  hnve  tietailed  some  of 
the  ditBcTiltlt'B  wlik'li  bjivf  beeu  met  iiy  biologists  in  their  eudeavoi-s 
to  iiiolttte  ami  identify  the  particiihir  kiuds  whii;h  appear  iudii«p6n»al)le 
to  tha  process  of  iiitrifiration ;  and  iilthourrli  the  problem  has  been 
hedged  about  by  extraordinary  ditticnities  it  is  believed  that  the  ewseu- 
tial  organism  of  uitrifioation  has  l»eeu  siu-eessfully  isolated.  The  ebief 
poiuts  established  are;  (1)  That  the  Iwnt  results  are  obtained  in  filters 
whifh  are  mature,  and  have  thus  beeome  adapted  In  their  work;  (2) 
that  a  distinct  regimen  in  essential  to  success;  (3)  that  free  oxygen  is 
indispenfiable ;  (4)  that  the  sewage  is  Itest  puriiied  when  held  in  thin 
tihns  upon  or  between  sand  grains  and  gravrl  stones ;  and  (5)  that  the 
perioil  of  greatest  defttructioii  of  the  oniinary  sewage  bacteria  corre- 
sponds cloBoly  with  the  time  of  most  active  nitntication. 

The  experiments  on  intermitttint  filtration  which  the  Mussachnsetts 
State  Board  of  Health  has  carried  ont  in  the  last  four  yeara,  fi-oni 
which  the  foregoing  views  as  to  the  present  understanding  of  the 
theory  of  intermittent  filtration  are  drawn,  are  the  most  eiLteusive  that 
have  ever  Iwen  made.* 

In  the  Nineteenth  Annual  lioport,  at  piige  iS,  the  Massaclmsctts 
State  Board  describes  the  arrangements  at  the  experimental  station 
at  Lawrence,  and  gives  in  detail  the  method  of  preparing  the  material 
in  the  several  large  tanks  used  in  the  experiments. 

The  Nkw  The.si8  op  Inteiimittent  Filtration. 

In  the  Twentieth  Annual  Report,  page  32,  the  Board  gives  some  of 
the  results  of  the  firat  year's  work  and  states  the  new  thesis  of  inter- 
mittent filtration,  namely  :  (1)  That  sewage  can  be  more  efHciently  fil- 
tered through  open  sand  than  through  sand  covered  with  soil:  and  (2) 
that  the  upper  layers  of  intermittent  filtration  areas  should  be  com- 
posed of  open  wind,  through  which  the  sewage  will  rapidly  disappear, 
leaving  room  for  air  to  enter  and  come  in  contact  with  the  thin  laminie 
of  liquid  covering  the  particles  of  sand, 

In  the  Special  Report,  Part  IT.  (1890),  on  the  Purification  of  Sewage 
and  Water,  etc.,  the  results  of  two  years'  work  in  the  filtration  of  sewage 
through  various  grades  of  sand  are  discussed  in  detail  generally,  bv 
Hiram   F    Mills,  C.E.,  while  the  biological  results  are  iliscussi'd  by 

•I*rnfe«i"ir  Henry  Roliinnon,  whose  right  to  ^paik  with  ■nthority  will  be  concwleil.  iii  .i  jnifwr 
on  Hewtgt  UieiHitukl  willi  referenoi'  to  llivi.i  Pollution  and  Wiler  Snpply,  read  in  18(11  at  tbf  I«n- 
ilan  CoHHrCM  of  Hyg:if'ne  nnd  Dt-niogiwiihy,  aaid  : 

Thr  BUtion  tliiil  lia*bcpn  taken  bi'  tljn  Stnli>  Bimrd  of  Hmltli  of  MmipsrJiii setts,  to  proterl  Hie 
pnrityof  Lnhiiid  wnteri.  dt'AerTiw  to  !»■■  ^fivi'ially  conimi'mliid  lu  an  OJtamjili^of  tjrooiJ  and  wibc  poHt^v 
In  in«litiitins  Hie  •y't--Tniilic>  invculiuulioo  liy  .■ui^inetn.  chsmiBta,  and  tioWitt*  of  ull  that  i-'nm 
iifKin  the  |Hirilii:«liciii  nf  se«-a>;e  nnd  on  (he  filtration  of  water.  ,  .  .  Tin-  ejhaii'tivc  r'^pori- 
im.Jar  tbinc  diffcrunt  heuds  insy  W  fairly  >t>ti;d  to  be  far  in  ad»«noe  of  aaything  Ihnt  liu  1j«ii 
hiiiy  ittimipted  in  thu  country  iRngland). 
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Professor  Wm.  T.  Seiljrwick  iiuJ  his  assi.stauts.  Seitrly  every  possible 
jilmsii  of  sewa^t^  puriticiiliou  liy  Hltrati<iii  in  tnuebeil  uiuin.  iiiiil  »Un 
©ver  would  cumpuKH  the  subject  as  it  stands  to-duy  iimst  study  tlic 
original  i-epoit.  and  also  its  contiuuHtiou  in  the  Anuuiil  Report  of  the 
Mas-siiihiisitts  Stati'  Board  of  Health  for  1891.  Without  t'oing  exteu- 
uively  iuto  the  dt-titil  here,  we  will  preseut  a  brief  digest  of  somttof  the 


Pin.  Si.--ViK«  or  L^HtiK  Taniw  at  t«k  I^<rRiiK<-K  Rypkhiiibst  Sh-ATtoH. 
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rv»nU».  toother  with  a  Hiiiuuiary.  the  sAiut-  as  lUivudy  done  for  the 
work  oil  chennca)  piiritti-atiou.  The  Inr^  rxperimenlHl  tanks  as4^  at 
lAWrence  are  ahowti  by  Fi^.  22. 

ItSKiLiv  WITH  Tank  No.  I. 


I 


In  the  chapter  Ou  Nitnticaliuu  aud  the  Xitrifyin^  Orsanitim  thr 
maiu  poiuta  in  thf  theory*  of  tiitrittt-atiou  of  organic  snbetaiicvs  iutve 
b«-<«ii  t*et  fitrlh.  I'nmi  various  studies  tuade  shnMil  it  hatl  \*»»a  eaa- 
elmUil  tJiat  nitrilii-atitiu  waa  alinu^t  cntin-ly  a  smuuier  jknH-^'iw.  wbidi 
ll««cly  tvasetl  ou  the  appnvH-h  of  ivld  niiilfatT.  TJie  T^wnm(^>ex[>eTi- 
mrals*.  however,  show  that  l>v  due  atlfiilion  to  detnih*  a  fairly  effi^'jeot 
nitriliealiitu  may  hv  obtaiu*-*)  iu  winter  a.*  illa»tnite<1  Ity  Table  No.  58. 
giviuir  th>'  riTiidt'*  of  iiilriti.-^ttiiiu  in  Tank  No.  1,  th.*  filtirins  mntfrtal 
in  whivh  is  ■fiv.-  fix-l  iu  d.'plh.of  very  ci^arw,  clean  mortar  Mod  taken 
Crou  a  depth  iif  six  or  oitrht  loot." 


KE8ULT8   WITH   TANK   NO.   I. 
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In  studying  the  results  embodied  in  Table  No.  68,  it  is  importfuit  to 
remember  that  the   percentage  of  nitrification  attained  daring  any 

TABI>B   No.    Stj. — FSRCBNTAOK   OIF  NiTKOOEM  APPLIBII   IN   THE  SBWAOE  THAT  AFPEAH8 

IX  THB  Effluent  as  NiTitATBti. 
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Nttrnten  In 
effliMiit 

Psr  CEiil. 
of  applied 
nltn^n. 

Arengv 

diUy 
quantity, 

RalluDB. 

TvDiperatiir«,  P*. 

Domclod  for 
qunllty. 

ScncH. 

EiriiKut. 

1.S74 

SB 

IM* 

4T 

B» 

u.ms 

w 

917 

m 

«4 

l.0«l 

01 

MB 

M 

71 

1.3IH 

m 

BtH 

71 

7S 

I.Mt 

ti 

3M 

SB 

IK 

i.uwa 

44 

S13 

48 

BB 

i.i» 

47 

Kt 

4B 

411 

O.TIH 

U 

He 

4B 

41 

U.TST 

BO 

i8S 

45 

40 

o.Tirr 

B4 

«0 

4B 

SH 

1.14S 

BS 

tM 

37 

»tt 

I.BKS 

81 

Mil 

4S 

4li 

Sits 

w 

M« 

go 

Ell 

I.KK 

Kt 

M« 

M 

m 

I.TN9 

BT 

MA 

TO 

TO 

l.liiH 

tu 

W, 

71 

Ml 

1.4711 

411 

tNS 

w 

117 

l.Mtt 

&4 

«H 

B3                   M 

law. 
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SfpianbK ,  4.8*07 

October S,OT7(l 
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*  Tpiik  Nn.  1  liuH  hh  iTpit  cpf  one  iwohnntlrvrtThH  ft!  nn  acir. 

given  period  does  not  represent  tlie  total  iiinount  of  nitrogen  removed. 
The  experiments  indicate  tiiat  sand  filtora  liiivn  considerable  capacity 
for  storing  tlie  nitnifrenons  matter  at  one  period  and  later  on  convert- 

Tahlk  No.  no  — Ni'MiiKR  Of  BAC^KniA  Found  in  tiik  Sewage  Applied  to  the 
Coarse  Sand  Fii.tkii  Tank  No.  I  and  in  the  ErFLUENT  TiiEtiEPiiOM  <iN 
QiVBN  Dates.  TutiKTiiErt  with  the  Amount  Applied,  Auount  of  Evfluent, 

AND    the  TRMPEIfATUUE   OF   SEWAOE   AND   EFFLUENT, 


Dal« 


18*8 
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■■       II  .. 
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HI 
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HO 
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ing  it  into  nitrates.  Tliere  is  also  a  considerable  loss  of  nitrogen,  or, 
at  any  rate,  a  considerable  portion  which  does  not  appear  in  the  effluent, 
bnt  which  has  been  clearly  removed  as  determined  by  complete  analy- 
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Taule  No.  CO.— MisEKAi.  Analvsi«  ov  Rami'i.es  of  Sewage  Applied  to  Task  No. 

1    AND   OP   ITS   EFFI.UBHT. 
tPmrla  per  lan.DOO  uf  th>  orlglniJ  llquliLJ 


Sewigf. 

Dee.  11, 

18SH. 
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b.Ttt 
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0.01 
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I.M 

sis  of  the  cmde  sewage.  This  phase  uf  tlie  Hnbject  in  farther  illus- 
trateil  by  Tables  Nos,  61  and  62  followiug. 

The  results  of  purifyiiig  sewage  with  truarse  t^aiid  filters,  so  far  n& 
nitiilicatiou  is  coni'eriied,  is  exhibited  by  Table  No.  58.  and  inasmuch 
as  such  filtei-s  possess  some  adviuitajres  over  those  of  finer  sand,  w» 
may  consider  their  constnietiou  a  little  in  detail. 

In  the  first  place,  it  has  already  l>ecu  indicated  that  in  all  soil  puri- 
lication  nitrification  plays  a  leading  part  in  rcsohing  the  objection- 
able organic  constituents  uf  sewage  into  inert  and  hmiuless  inorgantf 
componnds.  A  study  of  sewage  jnirification  by  means  of  intermittent 
filtration  is  therefore  in  reality  mostly  a  study  of  tlie  pi-ocess  of  nitrili- 

TaBLB    No.  01.  — PERCESTAnK  OF  THE  AmMOSUS  IN  THE   TKUPK    SEWAOE    APPMED   Tf 

Tank  No.  1.  which  Api'ILMiei)  is  the  KFFi.tEST.  in  Compaiubos  with  rnB  Pkb- 
cEKTAOK  or  TAB  Total  Nithoobn  in  the  Effi.cknt  FoRTiiBilo.sTMiilKmcA'ntn, 
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Stable  No.  62,— Si'mmahv  (■k  Total  NrriirmKN  Ai'PUbu  to  Tank  No,  1,  TUB  Amount 

AprEAIIlNO  IN  THE  EFI'i.liKNT.  TIIR   AMIII'MT   STOKBU  tM  TUB  TaKK,  ASD  THE  US- 
ACCOUNTED  KOH  BALAMK,   IN  PolTNUfl. 
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cation,  and  the  thiog  to  be  found  out  is  chiefly  the  oouditioos  most  fa- 
vorable to  the  iietiou  of  the  nitrifyiug-  orgauisiii.  These  are :  (1)  The 
presence  of  oxygen ;  (2)  of  muisturi! ;  (3)  of  an  ulkuluie  basic  salt ;  and 
(4)  of  a  temperature  somewhat  above  freezing'.  In  reference  to  temper- 
ature it  may  be  said  that  nitrification  is  more  active  at  from  61)"  to- 
70°  F.  thau  it  is  at  materially  lower  temperatures,  but  once  thoroughly 
started  it  will  continue  active  for  some  time  with  temperatures  only 
5°  to  lO^above  freezing. 

In  the  later  experiments  at  Lawrence  it  liaa  been  found  that  oxygen 
and  time  are  the  more  essential  elements  in  intermittent  filtration,  or. 
as  espi-esaed  by  Mr.  Hazen :  • 

Tlie  parifip«tioii  of  sewage  by  intcrniittent  filtration  depends  upon  oxygen  Bml 
lime  ;  nil  other  conditions  arc  nepondftiy.  Temiiernlnre  Ims  oulv  ii  minor  inflnoner? ; 
the  organisms  nccessaiy  for  puriHcation  sre  ^aee  to  cstublish  tiiemsrlven  in  a  tiltfir 
before  it  lian  lieeii  long  in  use.  Imperfect  purificntion  for  any  considerable  jieriod 
can  iovarinlily  1)p  trmied  eitlier  to  a  lack  of  oxygen  in  tin-  pores  of  tba  lilter,  or  to  lli» 
sewage  pifsiiiK  ho  quickly  throiigli  that  tlieii'  ik  uoI.  snfficii'nt  time  for  the  oiidiiliou 
proceases  lo  take  plnce.  Any  treatment  wljich  keeps  all  particles  of  seHiiKe  iH.strib- 
ut«d  over  the  snrfaco  of  sund  particles,  in  contact  ivilb  nu  exoesa  of  air  tor  a  suffl- 
cietit  liinc,  i*  sure  to  givB  n  well-oxidiKed  •■ftluent,  and  the  power  of  any  material  to 
pni'ify  sewage  UepeudH  almost  entirely  upon  ita  ahility  to  hold  the  sewage  in  oon- 
tact  with  air.     It  mnst  hold  both  sewage  and  air  in  RufUcient  amoutita. 


In  Filter  Tank  No.  1,  of  the  Lawrence  esperimciuts,  the  following: 
are  the  elements:  Total  amount  of  sand,  9,000  gallons;  amount  of 
water  contained  when  saturated,  3,240  galloiw;  when  drained  thtre 
remaiucd  1,040  gallons  of  water,  and  in  the  place  of  the  water  drained 
away  there  had  presumably  entered  into  the  voids  the  difference  be- 
tween the  3.240  gallons  of  watir  originally  required  to  fill  them,  and 
the  amount  of  1,040  gallons  which  did  not  drain  away,  or  2,200  gallons 
of  air. 

This  sand  is  so  open  that  when  all  the  water  has  drained  away  that 
will  run  from  it,  air  can  pass  freely  up  through  the  five  feet  of  sand 

■  38d  An,  RepL  Mub.  St.  Bd.  of  Hcitltli.  Filtration  of  Sewugi?.  p.  438. 
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from  the  bottom  to  thr  top,  aad  in  iiildition  the  air  in  the  sand  In 
foiced  out  through  the  underdraiua  by  coveriiifj  the  suiiace  with 
water.  Fine  aiinda,  on  the  contrary,  may  bo  entirely  saturated  in  the 
lower  portion,  while  the  upper  layers  are  open  and  toutuin  air.  Wbeii 
therefore  a  filter  composed  of  fine  sand  is  covered  with  water  on  tliu 
surface,  the  free  circulation  of  air  through  the  voids  is,  under  tbese 
conditions,  cut  off  and  the  circumstances  affecting  nitrihcation  and  the 
life  of  organisms  contained  in  the  sewage  passing  tlirough,  materially 
changed.  The  effect  of  these  cbauges  may  be  recognized  in  two  ways, 
(1)  the  coarse-sand  filters  may  be  made  to  purify  a  much  larger  quan- 
tity of  sewage  in  a  given  time  than  those  of  fine  sand ;  (2)  the  puri- 
fication effected  by  the  fine-sand  filters  on  the  smaller  quantities 
jnirified  by  them  under  the  conilitions  of  ordinary  operation  will  bo 
somewhat  snperior  to  that  effected  by  the  coarse-sand  filters,  even 
when  operating  on  quantities  not  much  greater  than  the  average  for 
the  fine  Bauds,  This  phase  of  the  subject  will  be  further  touched  upon 
as*  we  proceed. 

Tank  No.  2. 

The  foregoing  discussion  of  fntenuittent  filtration,  so  far  as  it  re- 
lates to  eoarsc-sand  filters,  is  drawn  from  the  data  luid  tabulatioua  iu 
reference  to  Tank  No.  1.  In  Tank  No,  2  a  clean  fine  sand  of  even 
grain  was  used,  and  the  results  witli  this  tank  indicate  a  somewhat 
higher  degree  of  purification  attained,  though  for  smaller  quanliti>« 
of  sewage  applied  per  unit  of  area. 

In  the  eftlutnt  the  number  of  bacteria  has  been,  after  the  begin- 
ning of  nitrification,  materially  less  than  iu  the  efflm^tit  of  Tank  No,  1. 
For  a  portion  of  the  time  they  were  less  than  H)0  per  cubic  centimetre, 
and  for  a  year  averaged  only  21.  In  five  months  of  the  year  they 
averaged  but  7. 

The  number  of  bacteria  present  in  the  sewage  nuiy  be  seen  by  re- 
ference to  Table  No.  59,  including  results  of  Tank  No.  1. 

Table  No.  61  exhibits  in  compact  form  the  results  obtained  with 
this  tank  after  nitrification  had  fully  begun. 
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EXPEIIIMEXT  WriH   TltEffCHEB. 

The  soil  of  the  field  adjoining  the  experimental  tanks  at  Lawreuoo 
is  of  fine  river  silt,  somewhat  finer  than  the  sand  used  in  Tank  No, 
2.  In  order  to  test  the  filtering  qualities  of  such  muterini  in  situ 
an  area  of  about  one-thinl  of  an  acre  was  prepared  by  partinlly  under- 
draining  with  drains  fiO  feet  apart  to  catch  samples  of  the  effluent. 
These  underdrains  have  been  found  of  little  use.  Usually  the  liquid 
passes  by  them  directly  down  to  the  water  table,  which  is  below  them 
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I'ing  distance,  depending  upon  thp  stage  nf  wnter  in  the  Merri- 
lac  river,  wliic'li  flows  ncur  by. 
At  the  locfktioii  selected  the  tsarface  slope  ia  about  1  foot  in  10  is 
>iie  direction  und  about  1  in  100  in  the  other. 

A  series  of  shallow  trem-hes  which  follow  the  surfaee  of  the  field 
lud  are  shown  in  phiii  iiud  section  by  Fig.  23,  were  excavated  in  th» 
jri^intil  material  in  slopes,  1  foot  in  SO,  1  foot  in  50,  and  1  in  100. 
'They  were  mostly  made  one  foot  wide,  top  and  bottom,  and  of  varying 
depthn  from  six  inches  to  three  feet,  and  filled  in  with  coarse  mortar 
!tud  same  as  used  in  Tank  No.  1.  These  trenches  are  made  live  feet  apart 
'and  generally  have  the  surface  of  the  coarse  filled-iu  sand  four  iuchee 
..  .  below  the  ailjacfut  orijrinal  surface,  except  at  their  lower  end,  where 
Hiu  50  feet  it  increases  to  ten  inclies  below.  The  length  of  each  is  about 
^KOO  feet,  anil   except  at  the  lower  end  the  width  is  one  foot,  as  iitated. 


"^  ^^""^        .'Tao  of  Bf^i-  iii-i       11! 

.»nWi|uw»w>»|i«l'.'y-'-'.i'''''^'''''''' "^      \l! 


^Icsf  Fcti 

Fig.  23.— Plan  ani>  Section  ok  Filtek  Trenchkh  at  Lawkekce. 
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le  distance  which  sewag-e  will  flow  along'  the  surface  depends 
ipon  :  (1)  The  amount  applied,  and  (2)  upon  the  amount  of  sedi- 
ent  upon  the  unrface;  and  this  again  varies  with  the  quality  of 
he  sewage,  the  completeness  of  nitrification,  and  the  time  elapseil 
lince  the  surface  was  cleaned.  Sewage  was  applied  to  these  trenches 
leginning  in  May.  1888,  the  quantity  varying  from  500  gallon.'j  a  day 
!or  six  days  in  the  week,  to  1.500  gallons  diily,  this  latter  quantity 
*ing  applied  to  some  of  the  trenches,  .500  gallons  at  a  time,  at  3:30 
.X,,  2  P.M.,  and  4:30  p.m. 
Aft''r  niiplying  sewage  in  this  way  for  from  one  to  three  months, 
hi'  8111'faoe  becomes  so  coated  that  a  slight  cleaning  is  desirable.  Tliis 
is  effecteil  by  scraping  olf  tine-quarter  of  an  inch  in  depth  from  the 
urface  of  the  coarse  sand  tilled  into  the  trench. 
Ia  order  to  protect  the  trenches  from  frost,  in  the  winter  of  1888-9 
they  Were  covered  with  boards,  imd  the  process  of  puritication  ha\-ing 
been  found  to  proceed  us  readily  ujider  these  conditions  during  the 
i6xt  spring  as  when  exposed  to  air,  the  boards  were  allowed  to 
aain. 
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The  quantity  of  land  through  which  the  sewage  applied  to  these 
Ireuuhes  filters  varies  with  the  condition  of  the  snrfaee,  and  this  Again 
depends  upon  the  frequency  with  which  they  are  cleaned.  During 
the  full  of  188S  tht-y  were  cleaned  once  a  month,  during  the  winter  uf 
1889  once  in  two  months,  and  in  summer  of  1889  once  in  four  or  five 
mouths,  the  boaiil  coveriiigH  having  been  added  hite  in  the  fall  of 
1888.  After  a  cleaning,  the  time  before  600  gallons  of  applied  sewitge 
will  reach  the  lower  end  varies  from  one  to  three  months. 

In  material  of  the  kind  here  used  it  appears  probable  that  50.000  to, 
00,000  gallons  of  sewage  per  day  per  aere  may  be  eflicieutly  puiifietl! 
with  a  renewal  of  the  saaid  iu  the  trenches  not  exceeding  two  iQohes 
annually.    The  expense  of  doing  this  will  be  considered  further  on. 


ExrEniMENTs  WITH  Fine  Soil. 

The  experiments  at  Lawrence  have  also  included  an  investigation  of 
the  filtering  capacity  of  tine  soil,  irnd  of  arejis  of  sand  covered  with 
soil.  Filter  Tank  No.  5,  in  which  the  experimcutti  on  garden  soil  were 
conducted,  hud  the  bottom  about  the  underdrains  covered  with  coarse 
gravel,  this  again  with  finer  gravel  and  coai-se  sand,  making  a  depth 
of  iibout  seven  inches,  above  which  was  a  depth  of  five  feet  of  fine  gar- 
den soil. 

From  -January,  1888,  to  October,  1883,  inclusive,  sewage  was  applied 
to  this  tank  at  varying  average  rates  per  month,  from  19,200  gallons 
per  acre  per  day  in  January,  1888,  to  30,100  gallons  per  acre  per  day 
in  April,  1888,  after  which  the  monthly  average  was  gradually  lessened 
to  3,800  gallons  per  acre  per  day  in  February,  1889,  then  rising  to  as 
average  of  8,400  gallons  in  August,  1889. 

During  April,  1888,  when  sewage  was  applied  at  the  rate  of  30,000 
gallons  per  acre  per  day,  this  amount  disappeared  from  the  surface 
within  sis  hours  after  its  application ;  Imt  iu  the  latter  part  of  May.  ii 
did  not  always  disappear  in  24  hours.  In  June  the  quantity  was  re- 
duced to  20,000  gallons  per  acre  per  day,  and  still  accumulated  on  the 
surface.  For  a  week,  in  July,  no  sewage  was  applied,  and  some  of 
the  accumulatiou  remained  upon  the  mirface  five  days. 

The  result  of  the  experiments  with  Filter  Tank  No.  5,  shows  that  gar- 
den soil  is  entirely  unadapted  to  the  purification  of  sewage  by  filtra- 
tion, even  in  small  quantities.  During  the  six  months,  from  May  to 
October,  1889,  sewage  was  applied  at  the  rate  of  only  7.500  gallons  per 
acre  per  day.  During  this  time  there  was  no  nitrification,  and  tha 
albuminoid  ammonia  of  the  eMuont  was  82  per  cent,  of  that  of  tho 
sewage. 


EXl'ERIMENTS    WITH   BAND   COVERED    WlTIi   riOIL. 
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Experiments  with  Sand  C-ovEiiEt)  with  Soil. 


Filter  Tauk  No.  7,  the  low»ir  four  {net  vrnn  I'oniposod  of  tlii?  usual 

u  inclies  of  gravel  and  sand,  around  and  above  the  underdraina, 

with  a  mixture  above  of  fine  gravel  aud  coarse  and  fine  sand.     Above 

this  four  feet  of  gravel  and  saud  there  is  in  additiou  six  inches  of 

browu  soil. 

In  May,  1888,  sewage  was  applied  at  the  rate  of  30,000  gallouH  per 

[«cre  per  day,  except  on  sis  days  when  none  was  applied.     lu  the  early 

'  part  of  June  this  quantity  did  not  al\  disappear  iu  twenty-four  hours ; 

jiiftei'  June  14  the  quantity  was  reduced  to  an  average  of  13,800  gallons 

per  acre  per  day  to  the  end  of  the  month.     During  this  time  9,000  gal- 

Iduh  per  day  came  through,  the  remainder  evaporating-  aud  accumu- 

I  Intiog  on  the  snrfac^u.     From  Jnlv  1  to  11  an  average  of  il,000  gallons 

,  day  was  applied  ;  at  the  same  time  the  efilueut  averaged  4,400  gal- 

P'lonn.     After  July  11,  the  application  was  discontinued  nutil  July  25. 

I>uring  this  time  the  sewage  remained  upon  the  surface  fur  12  days, 

finally  disappearing  July  2-lth. 

On  July  25,  i  inch  in  depth  of  the  surface  was  removed,  autl  sewage 
,  applied  at  the  rate  of  20,000  gallons  per  acre  per  day.  With  a  fresh 
surf.-u-e  this  quantity  disappeared  in  53  minutes.  The  same  amount 
I WJ18  applied  daily  for  six  weeks.  In  ten  days  it  required  an  hour  and 
a  half  to  entirely  disappear  from  the  surface.  After  August  IG  the 
sewage  disappeared  mucih  more  slowly,  and  some  days  not  at  all.  After 
September  8,  the  quantity  was  reduced  to  an  average  of  about  13,000 

Igrallons  per  aero  per  day,  or  exiictly  1)0,000  gallons  jier  week,  applied 
three  times  a  week,  30,000  gallons  at  a  time.  In  October  sewage  grad- 
ually accumulated  on  the  surface,  and  the  application  was  in  conse- 
quence reduced  in  November  to  a  total  of  60,000  gallons  per  acre  per 
week,  applied  20,000  gallons  at  a  time,  on  three  days  in  the  week. 
Ihiring  this  time  the  effluent  amounted  to  10,800  gallons  per  acre  per 
■day. 
The  experiments  on  Tanks  Nos.  5  and  7  indicate  a  marked  decrease 
in  the  nitrificjition  as  soon  as  the  sewage  accumulates  to  any  consid- 
eriible  extent  on  the  surface.  When  allowed  to  accumulate  upon  the 
surface  long  enough  to  completely  exclude  air  fi'om  the  interstices  of 

I  the  filter,  the  nitrification  either  nearly,  or  completely  ceased.     Dis- 
«ontiJiuing  the  application  of  sewage,  until  the  sui-faee  cleared  itself 
was  followed  iu  every  ease  by  an  increase  in  nitrification. 
The  experiments  on  these  two  tanks  have  therefore  illustrated  on© 
of  the  chief  differenees  between  continuous  and  intermittent  filtra- 
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The  followintf  is  the  snmnittry  of  uilvuutu^es  aiid  clisadvauta^s  of 
soil  on  the  iilter  area,  as  given  by  Mr.  Mills  : 

The  «xpeiimenta  Imve  been  limiteil  to  tine  Boils,  quite  relenlive  of  vat«r. 

Witli  n  deptli  nf  5  feet  i>t  soil  no  piiriHcation  by  DitvifiL'ation  ocenri'ed  when  the 
i|iiaiility  filtered  was  only  7,500  gaJlniis  ]m'1-  acre  per  day  ;  and  the  orgnnii-  nilroge- 
iionn  matter  in  the  eSlueut  waa  uearty  a-s  great  aa  iu  tlie  applied  Renage.  II  in 
known,  however,  that  for  several  months  the  average  Dumber  of  bacteiia  in  the 
elHneut  wau  only  one  in  1^6,000  of  the  number  applied  to  the  Alter ;  and  it  is  prob- 
able that  none  lived  to  pass  (hroiigli  (he  filter. 

With  the  ordinary  ilepth  of  soil  resting  on  ynlJow  loam,  aa  it  in  often  iu  this 
State,  and  this  tindejlaid  by  four  feet  of  good  filtei*ing  wand,  wc  find  that  oaly 
itbout  !l,000  gallons  of  sewage  may  be  filtered  upon  an  acre  daily,  willi  the  result 
of  removing  fl9.5  jier  cent,  of  th<>  ovganic  nialtei,  and  probably  removing  ail  of  thi- 
bacteria  ;  while  if  the  aoil  and  loam  be  removed,  the  underlying  sand  may  bf  able 
to  filter  three  times  a.-'  niueli,  or  30,0()()  gallons  [>er  acre  ]iei-  day,  giiing  an  efilnent 
ik^  pnre,  cliemiwilly,  as  when  covered  with  soil,  bat  not  removing  so  eompletely 
tlie  bacteria — allowing,  oidiuarily,  a  ttmall  fraction  of  one  per  cent,  to  pass  through 
the  filter. 

For  fliteiing  sew^e  njmn  the  margin  of  a  dri nit ing- water  afrenio,  a  large  are* 
eoveied  with  fine  Koil,  or  a  smaller  area  of  veiy  tine  sand,  would  be  pieferable  to  a 
much  smaller  area  of  coarse  Band  or  u  mixed  siuid  and  gi'avel.  in  that  the  former 
(iiiiild  be  BO  managed  that  no  bacteria  coiUd  pass  t)iioiigh.  For  filtering  sewage 
on  any  land  that  doe.i  not  drain  into  a  drinking-water  streani,  llie  covering  of  fiue 
soil  ifl  a  di  Bad  vantage.  The  qnanlity  applied  to  it  must  be  kept  very  araall,  or 
nitrification  and  purification  will  be  prevented.  The  smaller  areas  of  sund  ean  b.- 
injide  to  give  as  gtiod  au  ctHnent,  chemicaliy,  with  all  the  rednolion  in  the  nnmber 
of  bacteria  tliat  is  necessary-. 


Ex]'EiiiMEfn"8  wrra  Pe4T,  Loam,  eto. 

In  addition  to  the  experiments  upon  the  filtering  capacity  of  fine 
retentive  soils,  an  extended  fieries  were  also  nnidt^  upon  peat  and 
hmm.  and  peat  luixi'd  with  aaail,  clay.  etc..  in  variotiH  proportions. 
Tlie  tanks  devoted  to  these  experiinents  with  peat  were  Nos.  3, 15,  18, 
17,  and  18, 

Tank  No.  3  was  one  of  the  large  tanks  with  an  aren,  of  one  two-hnn- 
dredtli  of  ail  acre.  Tlie  tiiiderdrains  were  liiid  in  the  usual  depth  of  7 
inches  of  gravel  and  coarse  sand,  above  which  was  tivi'  feet  of  peat. 
consisting  of  nearly  all  vegetable  matter,  except  that  it  contained  a 
little  mud.  Tlie  top  of  tho  ol■ig^nal  bed,  from  which  this  peat  was  de- 
rived, hail  been  cultivated.  The  cultivated  to}i  layer  was  removed  and 
the  tank  filled  with  selected  material  to  the  depth  of  fom-  feet  from 
the  tindistnrl'ed  lower  layers;  after  which  one  foot  iu  depth  of  tlm 
cultivated  upper  layer  was  added  to  the  peat. 

Without  goinp  into  the  detail  of  the  experiments  with  this  penty 
material,  it  is  sufficient  to  say,  the  results  indicate  that  such  an  area  i« 
"  entirely  wortliless  for  the  hitration  of  sewage," 

Tanks  Nos.  1.5,  lit,  17  and  18  were  small  tanks,  placed  within  the 
building,  and  each  having  an  area  of  one  twenty-thousandth  of  an  aore. 
Coarse  gravel  and  coitrse  sand  to  the  dejith  of  ahoat  sis  inchca  were 
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placed  in  tlie  bottom  of  each  taiik,  an<1  seneil  aH  uDtlei'draius  t<>  the 
filtering:  material. 

In  Tank  No.  15,  the  filtering  material  consisted  of  2j  feet  of  ]iwit 
overlying  peaty  aand  and  sand. 

In  Tank  No.  16,  the  lower  3i  feet  of  filtering  material  was  jiejity 
Biuid,  and  clear  sand,  with  h,  depth  of  14  feet  of  peat  above. 

Tank  No.  17  contained  SJ  feet  of  peat,  underlaid  with  x>eaty  Hand 
and  sand. 

Tank  No.  18  contained  five  feet  in  depth  of  peat,  mixed  with  some 
very  fine  sand  and  some  clay. 

In  regard  to  the  results  of  experiments  with  Tanks  Nos.  15,  16, 17, 
16,  filled  with  peaty  materials,  Mr.  Mills  says :  "  These  materials  were 
all  found  to  be  quite  worthless  for  the  filtration  of  sewage." 

Experiments  on  mixed  sand  and  gravel  further  indieate  the  utility 
of  an  open  material. 

EXPKRIHENI'S  WriH   COARBE   GrAVEL. 

Probably  as  interesting  and  useful  experiments  as  any  are  those  on 
filtration  through  clean  gravel.  In  this  direction,  two  series  have  been 
made  :  (1)  Those  on  very  ttoarse,  clean  gravel ;  and  (2)  those  upon  fine 
clean  gravel.  We  will  lirieHy  refer  to  the  second  series,  where  the 
filtering  material  was  composed  exclusively  of  five  feet  in  depth  of 
gravel  stones  of  the  size  of  beans.  The  srikI  was  screened  out  antl  the 
stones  washed  clean  before  putting  into  the  tank.     The  voids  wt^i'e 

Table  So.  63.  -  Daily  Quantity  ok  Evifi.UK.NT  is  Gallon**  i-kti  AniK ;  tiik  .\vkii- 
AOK  AuouNTd  Of  Ammonia,  Nitbatks,  and  Bactkkia  in  tub  Efpluknt-.  ani> 
THETiMB  or  Fabsino  Turouoii  onb  foot  Furi  thk  Month  Indicated.  Tank 
Ho.  2,  Clean  Fine  Sand. 
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Taulu  No.  64.— AvKiiAGi^  yi:\i,iTY    iiK   tub  Effluent  from   a   FlNli^^RAV^;l.  FiL' 

TEH    IN   CoMrAlliaiJN     H1T1I     THE    OllKIISAL    SEWAllE    WHEN    FlLTKHINQ   AT  TUE 

Rate  op  lOM.riiH}  Gali^ins  I'Kit  AciiK  per   day  {Sbwaoe  Applied  14  Tiiieb  a 
Day  kou  Sis  Divs  in  the  Week). 
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fully  oue-thirj  of  the  total  space,  as  in  tbe  sand  filters  already  ilf- 
Htrribed.  Table.s  Nos.  G4  and  G5  exhibit  the  resultB  obtained  by  suoli  a 
inateriiil,  tlie  tanks  being  protected  from  snow  and  esjiosure  to  i-olil 
duiiiig  winter  wyutber. 

In  concluding  the  diKciiKwion  of  the  i-csnUw  of  tlio  Liiwri-nce  cspcri 
nients  we  can  hardly  do  better  than   to  quote  the    remarks  of  tlie 
Mass iiehu setts  Board   in  the  Twenty-second    Annual    Rf-'port    in  Pef 
ereuce  to  tUt^  residts  of  iiiterraittent  filtration  thi'uugb  gravel  stones. 
namely : 

Theee  results  hIiciw  innrs  ili^ftDitolv  tlian  nn.y  otiiei'a  tlie  essential  eliaraclei'  of 
iuleimittent  tillrntimi.  We  see  tliat  it  ia  iiol.  ii  strninint-  [inx'pBs.  By  tlie  njipli™- 
liiin  of  small  qimnlities  o£  sewuge  over  the  whole  stirfin'c  ot  Ihe  luiik  entlj  hour, 
eaeh  stone  in  the  tiLDk  wh»  kcjit  covered  with  a  tliia  film  of  liilllirl,  verf  slowlv 
moving  ttvta  Ktoue  to  atone  tioiii  tlie  top  toward  th?  lioltom,  niiil  continually  in 
O'liitnct  with  air  in  the  ^pacea  lietw^en  thci  ston^A.  Th<>  liqiiiil,  olai'lin);  at  tbe  top  aa 
sewage,  iTiwhi'il  Ihe  liotlom  williiii  twentv-toiir  hours,  with  the  orpiinic  mutter 
nearly  all  biinied  iitil,  T\e  reuioi-nl  of  this  orsanic  matter  is  in  no  Kense  a  meehoni- 
cal  one  of  hokling  liaek  mnU^iial  botweein  ihe  Htouos,  for  they  are  as  eleau  as  the<' 
wei-e  a  year  ago :  hut  it  is  a  chemical  change,  aideil  by  hacteria,  by  which  the  or- 
ganic subntnnces  arc  burned,  forming  products  of  mineral  matter,  which  paas  off 
daily  in  the  purified  liituid. 


TAIU.B  No.  M. — Average  Quality  of  the  Effi.oent  ifiioM  a  Fine-hhavki,  Fii- 

TEa    IN    COMPAHIBON     WiTH    TUB    ORIGINAI,    SEWAOK,    Al'rEU     FlI.TBATIOK    HAI' 

Takes  Plaie    at    Rate  ok  TD.OCO   Ijalnons    pku    Achk  i-vai   day  for  Rrvkn 

MutiTIIB,  KTf.    [SKWAOE    ApI-ULD  II   TiMEa   A   DAV   KOIl   SlX    DAVS    IN    THE    WEEK) 

[ParUpcTlOD.Oia.) 
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The  lii|uul  flowing  ont  at  Ilio  bottom  is  a  cleav,  bright  water,  comparing  favor- 
flhly,  iu  every  lespeot  that  call  bo  shown  hj  clieGiicul  or  biological  examination, 
witik  natei'  (lom  Korac  of  tlie  wells  on  the  street!<  of  onr  cilies  that  ai'e  used  fot 
refreshing  drauglits  bv  the  pnblic  during  the  sniiiuier. 


I 
I 
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I 


Os  THE  Uke  of  tue  Effluents  fiiu  DiiixKiNG  Wateb. 

In  regard  to  tbe  use  of  the  efflueut  from  naiid  tiltere  for  driukin^, 
Mr.  Mills  wi-ites  &a  follows : 

We  now  come  to  the  important  question  of  the  ehorauter,  eis  regards  healthfnl- 
fiftis,  of  the  effluents  ohtaiiied  bj  tilterinff  sewage  intermittently  through  five  (eet  iu 
'depth  of  sand,  after  the  sand  has  filtered  sewage  for  a  year  or  more  without  beinft 
cleaned. 

We  have  found  that  the  sum  of  ammnuian,  which  have  been  taken  to  indicate  tbe 
Anmunt  of  tiitrogeiii>na  organic  ujatter,  has  been  reduced  to  about  one-half  of  one 
])ei'  cent,  of  those  in  the  sewage,  and  is  less  than  tbe  sum  of  ammonias  of  moat  of 
the  public  drinking-waler  supplies  of  the  State. 

The  chlorine  and  nitmli's  are  liigher  than  in  the  public  diinking  waters.  They 
indicate  in  thew  elfliicnis,  ;is  tlii-ir  excess  above  the  normal  dues  in  the  drink- 
ing waters,  that  the  water  ivhich  contains  them  came  frojn  sewage  ;  but.  In  the 
absence  i-(  the  ammonias,  Ihey  indiciite  thitt,  though  the  water  cunie  from  sewage, 
the  ormmte  ini]mntit'H  have  l*eii  destroyed,  nml  these  aii'  merely  mineral  conatit- 
Ui'iils  which  rpmain  after  that  (lesti'iiction.  They  are  prinoi])Ully  common  salt  and 
KuKpetie.  which,  in  the  qnaulllies  found  in  any  of  the  elHaeuts,  are  regarded  as 
entirely  haiTidess. 

Judging  by  the  chemical  analyses,  there  is  nothing  in  the  effluents  known,  or 
even  suspected  hy  themist.':,  to  be  hiivmful. 

Although  neiiily  all  of  the  bacteria  thnt  were  in  the  sewage  did  not  live  to  pass 
thr  High  the  filters,  there  have  been  found  in  the  cHliienta  from  Alters  of  eoai'se  sand 
more  bacteria  than  am  found  in  the  public  diiiikini^  supplies,  and  some  of  these 
evidently  come  from  the  sewage  ;  and,  until  we  leurn  that  disease -producing  hap- 
leria  are  not  omong  those  tliat  come  through,  we  must  assume  that  they  may  be 
among  them;  and,  althoui^h  reduced  in  nnraliers  to  snch  an  extent  that  they  may 
do  uo  harm,  we  yet  know  that  liacteria  iu  general  increitse  with  enormous  rapiility 
when  under  (avonihle  conditions,  and  we  do  not  yet  know  enough  to  allow  us  to 
uBsiime  ihut  the  vesy  siiiall  number  of  one  or  two  in  a  thousand  of  the  nundier  in 
the  lewage  that  come  through  may  not  inci*ease  in  the  htiman  body  or  nnder  other 
conditions  to  such  numliors  as  to  be  harmful. 

From  this  muse  we  are  not  able  to  ossuuir  that  the  effluent  from  the  coarse-sand 
fillers  five  feel  in  depth  is  siiitablo  tor  di  inking  water. 

The  effluent  from  the  eiLtremely  Hue  sand  filler.  No.  4,  and  that  from  the  soil- 
covered  (ilter,  No.  7.  and  ii  part,  of  the  time  from  the  fine  sand,  No,  2.  we  havi* 
strong  ground  tor  concluding  contained  no  bacteria  from  the  .iivwnge.  The  num- 
liers  that  were  found  in  the  effluents  were  smaller  than  are  nnually  found  in  public 
drinking  supjilies  :  ami  we  have  cood  rpason  fur  eoucluding  Ihat  they  all  grew  in 
the  gLiivel  and  nndei-drains  beneath  the  filters.  If  these  conclusions  are  correei, 
thei'e  is  no  known  reason  wiiw  these  efflucnis  may  not  lie  used  nith  safety  for  drink- 
ing, 

The  pfHaent  from  No.  3  has  been  fi'equenlly  iised  (or  drinking  by  a  numlter  of 
[teople,  without  any  noticeable  effect  ;  but  none  of  them  have  lieen  used  contin- 
uously by  a  largo  numbei'  sufficiently  to  prove  their  safety.  In  the  absence  of  such 
positive  evidence,  we  have  made  the  following  comparisons. 

The  city  of  Lawrence  is  provided  with  a  public  water  supply  from  the  river ;  bnt 
iliore  me  a  dozen  or  more  wells  scattered  about  the  city,  on  the  sides  of  the  streetR, 
tliol  have  been  used  tor  manv  years  for  watering  hoi'ses,  and  are  still  used  for  tbia 
pur))i)He,  or  (or  supplying  drinking  water  to  families  in  the  neighborhood,  and  par- 
ticularly are  nsed  by  the  jiutdic  lor  a  cool  draught  of  water  in  summer,  when  it  is 
much  more  refreshing  than  the  cjty  reservoir  water. 
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The  water  from  teLi  of  llieae  wells  has  been  acalvaud  anil  exaiaitiei]  for  bacteiip, 
anil  llie  leaults  oVifaitied  from  neveu  of  ilii'iu  nro  uiiauped  below  (Table  No.  6(i).  wilU 
tbe  average  lenull  obtairjed  by  analj.sis  of  Uie  filteied  t>ewii|:;e  fi-om  six  of  ourtiller*, 
oovei-ing  frant  two  to  eight  motUlit,  aftei'  most  uf  tlieTO  had  been  in  n-se  a  yenr  or 
moil?. 


Table  No.  (iH.— CoHPAitieoK  Of  tub  BfFLUBHT  from  Sbvbuai.  dp  tup.  Expkui- 
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Here  «'p  Hiid,  [or  eiicli  of  the  flilera  fllteriiiK  newan''.  a  wi'll  llie  niiter  of  whioh  i» 
used  [or  ibinkinK  by  iiiauy  (iBoiilc.  but  ii  in  fuel  seivaiie  nol  Kt>  well  |.niil5ed  us  the 
effluent  fiDiii  the  tilter  witli  nliieh  it  is  nswxiati'd  This  is  not  {iiPFicnIed  ti>  itboir 
that  tlie  elBiient  from  the  filters  is  Rood  foe  ilnnkinp;,  for  wi-  \)avv  110  lensou  to  bo 
rpijaid  tliose  at  least  iu  the  uiipei'  half  of  the  liiblp.  and  wi-  shonld  without  hesila- 
tion  pronounce  the  well  iralerx  in  the  n{i|ier  half  ol  iLe  table  an  iinsiifi>  to  iliink  ; 
hut  wi>  jiresent  this  coin[iari8on  to  abow  thai  waters  in  every  way  11.1  imjiiire,  am)  aa 
[•ortaiT7ly  derived  from  nnwai^  as  the  efflneiils  from  the  several  sewage  filt«rs,  are 
lieiii^  used  dnit.v,  ami  have  been  nned  for  yeaix  by  multitudes  of  i>eople,  wilhont 
Uieir  knowinfj-  llint  lliey  were  hamipd  bv  them. 

Bvery  one  of  these  wells  should  be  re^rded  as  unxafc,  nome  of  thorn  dati^eroiis. 
in  their  preaeul  eondition,  and  others  unsafe  becjiuse  of  what  they  may  rlianin  l« 
fmni  day  to  day. 

If  these  well'  uontaiiied  mi|iolIiiled  water,  (be  chlorine  wonld  be  about  O.^'l. 
while  it  i.s  from  '4ev>>ii  !■>  Iwenlv-two  timoa  tliis  iitnonnt  ;  the  nitrates  wonld  ho 
fthmit  n.Ol  orO.02,  wliile  ihev  are  from  fl..'")5  to  1.2tl. 

The  Iftitei*  show  that  a  Inrire  ainoii'it  of  i.rBufiie  matter,  Renei-ally  more  than  thfiP 
is  in  sewftire  in  n  siwer,  lisrt  been  Imrned  out  of  these  waters,  and  IIip  liifi^li  cbln- 
rines  sbow  that  this  orfcunie  mutter  was  of  llm  same  charaeter  ns  that  in  sewnir". 
Prom  the  nniounts  in  most  c^f  tht'se  well  waters  we  innst  eonrlude  that  llit-ir  |iir'vi- 
nOH  condition  was  wofse — that  is,  more  |iolliiti>d — IIibii  oidtnaiy  lii'ivaKc  in  trnar*. 
and  that  on  its  way  to  some  of  the  welts  it  ha«  by  interniitli-ni  lil!ra1ion  Ibionpb 
Uie  (rri'und  been  (itirifled  to  sueli  an  extent  Ihul  they  may  not  in  thoir  (irenetil  con- 
dition be  harmful;  and.  whert-  the  imnibei-"  of  bacteria  iin- eonlinnally -mali  and 
the  ammonias   low.  Ibey  probably  are  not   liarnifiil  :   bnl.   wiirtr  iho  nnnilieTS  of 
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bacteria  are  largi^  and  Lite  amtuoiiias  are  largo,  altlioiigli  the  wulors  liavoi  beeu  pre- 
vioiwlj'  much  woi'su  than  at  present,  and  liave  to  a  conBiderable  degree  been  puri- 
fied, tbeir  present  eonJitioii  indk^utca  that  the  iiiaterial  thronsl'  wbidi  they  have 
tillered  has  not  heen  able  to  exelnde  bacteiia  nor  to  bnm  up  all  o(  (he  fiiod  they 
live  on  ;  lieui-e.  it  disense  gernia  rbI  into  their  source,  some  of  ihem  ivili  probably 
pel  into  tliefie  well".  Saeh  of  [lie  wells  as  are  ineliidpil  in  this  hitler  class  should 
be  lilled  with  eailli,  iind  never  used  again.  OlherB,  if  examined  from  tiiue  to  time 
and  always  found  with  low  ammonias  and  .suiall  number  of  baetpria,  would  probably 
be  ImrniiesB ;  and  we  should  have  the  same  ground  for  cojii'lnding  that  the  effluent 
from  sewage  at  those  fine  sanil  or  Hoil-uovered  filters,  llu'ough  which  no  bacteria 
coDiD  from  the  sewage,  woulil  aho  be  bai'mleaii  for  diiuking. 


Peumanency  op  Filters  and  Kenewai.  of  Sasd. 

In  tlie  Twenty -til  inl  Animiil  Report  of  tlu-  MasHacLubetts  State 
Boiuil  of  Heiiltli,  pp,  44it-.^5,  tlie  peniiaii«'iicy  of  snuil  filters  is  dia- 
cTissfil,  mill  the  fiu't  brinin-bt  out  tbut  while  mokii'  of  the  esperiiuoDtal 
tanks  at  Lawrence  were  iloiug  gooil  work  nftei'  foiii'  yeara  of  coiitiiiu- 
ons  service,  yet  others  hail  stored  so  mueh  organie  matter  as  to 
"seriously  eripple"  theiii.  The  report  theu  discusses,  as  two  methods 
of  obviatiiij,'  this  diffieiilty,  either  turiiiuiT  uuiler  or  removing  the 
clogged  layers.  Turning  under  the  upper  |iortion  of  the  iiltering  ma- 
terial has  given  gooil  results  in  the  way  of  ri'dueing  the  stored  or- 
ganie matter,  Imt  it  is  suggesteil  that  whiUi  receiving  fresh  doses  of 
sewage  the  bacteria  will  not  do  their  best  work  upon  the  insoluble 
matter,  as  the  stored  substances  have  been  found  to  be,  lai-gely.  Mr. 
Hazcn's  discusi^ion  of  tliis  point,  and  the  amount  of  sand  neceasury  to 
be  renewed,  is  as  follows  : 

The  faet  of  eontinimlly  iucieasing  Htorage  in  the  large  ont-door  filters  ie  sufficient 
evideneo  that  they  do  not  afford  cotidiliona  favorable  to  the  oxidation  of  this  niate- 
riid.  On  them  we  have  applied  as  iiineh  sewage  as  was  jHJBsible  with  good  results, 
and  ninob  more  than  in  usually  apjilied  in  practice.  In  a  majority  of  cases — al- 
wnVH  with  the  line  materials,  and  often  with  ttie  eoarxer  ones — this  has  meant  as 
nineh  si'watte  as  eonhl  be  oxidized  by  the  air  in  the  filter.  All  llie  airavailable  has 
been  required  to  oxidise  the  more  ileconiposuble  nmtteca :  the  more  stable  insoluble 
matter,  we  niny  bi-lieve,  can  only  receive  llie  attention  of  the  bacteriB  when  there 
is  an  excess  of  air.  Filters  do  Iheir  maximum  work  when  the  volume  of  sewage 
applied  is  sn  largo  th[it  there  is  no  eonsideruble  oxcens  of  air,  when  the  supply  ex- 
actly meets  the  pieseut  d'.'mand,  oxidiKiiig  only  the  less  stable  matters  and  prevent- 
ing llieii-  passage  lulu  tin  effluent.  There  may  also  bo  a  tjuestiou  as  tii  whether  the 
bai'terin  will  do  l.lieir  bi-si  work  u)>i>n  this  insolnble  matter  while  t.bey  are  receiving 
u  daily  dri«e  tif  fresh  cewage,  with  its  rieh  sup]ily  of  fond  for  them. 

It  llie  fresli  sewii','e  were  entirely  cut  off.  would  not  the  baeteria  tnm  Ibeir  atten- 
tion to  the  sludge?  If  the  upjM'r  layer  were  removeil  entirely  and  piled  uji  by 
ilseK,  would  it  n<it  purity  itself  much  more  rapidly  than  anywhere  in  a  filler  where 
it  is  ciinlinunlly  wc.(  with  new  sewage?  If  this  clogged  material  is  removed,  (lie 
flltera  will  be  aide  lij  continue  doing  the  large  amount  of  good  work  which  tliey 
linve  done  in  the  past :  they  may  do  even  more  in  some  cases.  The  removed  mate- 
rial may  so  purify  itself  in  time  as  to  again  allow  its  advantageous  use  for  filtration, 
hut.  if  not,  fresh  sand  must  eveiiluidly  be  supplied.  In  actual  practice  with  ample 
.-ipvos  of  filtering  nmterinl  a  simple  way  of  «p|>lyiiig  tliesi-  ideas  would  be  to  abandon 
l>-r  a  lime  an  old  area,  after  it  had  become  clogged,  without  removal  of  the  surface. 
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Hnn  long  B  time  tronld  b^  required  fnr  diirh  an  area  to  rcgaio  its  power  of  sewage 
liurificnliun,  and  wliat  trentiubOts  would  linsteu  llie  result,  ale  aiibjecU  for  fnrtlier 
teaeaich. 

NATURE  OF   THE   SLUDOS. 

It  mav  be  qneried  whetliei'  piling  up  sand  containing  Iars:e  amonnts  of  orgsnic 
mattti-  stored  fioni  tlie  sett'nn"  will  not  i-ruale  u  nnisance.  To  lliis  we  can  answer 
no.  Tlie  nlored  matters  nit.'  lliii  most  stuble  porliuns  of  iho  sewiijje ;  Ibey  iiuvo  re- 
sisted HlvonB  Diidizins  iioliiiii,  and  arc-  iiii-apuldo  of  inpiil  m-  (ilijwlionuble  iU'l'uiii- 
jiosition.  Tlie  niatlers  vvliiuli  nimld  Lavti  (.'^n^eJ  Iinnlde  Imd  tijev  lieen  stored  uif 
just  the  ones  wlueb  Lave  been  oxidi:ced.  TLi.'  muri'i'ial  hliuulil  be  so  placed  timt  a 
change  of  air  in  itu  poi'eii  will  be  jiOHfiible,  anil  no  otteuee  need  be  auljcipated. 

AUOl'HT   Oy   HIKU   K&t^eKSAUV   TU   SU   lUCNEWED. 

Filter  No.  6  in  four  years'  use  lias  filtered  IJll).(HK)  gallons  of  sewage,  the  equiva- 
lent of  6'J,(M)0,<KI0  Killons  per  at-ri'.  TIip  upper  2J  ini-lies  of  lunterial  now  cimtnln 
abdiit  70  i>arts  [kt  UKJ.IIW  by  wciglit  of  ulbuiuiuoiii  unmiimia,  and  Hit  ut^xt  it  inflics 
ubdut  20  parls.  To  fully  roslol-e  tin-  filler  to  gimd  \nirking  order  we  should  re- 
raoTe  the  upper  24  inclms,  nr  1.08  ciihir  yanl-t  for  lln'  Hller.  or  ."i.4  yards  jwr  million 
gallons  of  Hr'wuK'^  Ireali'd.  In  July,  ISfll,  when  Fillet'  Ko.  1  coninieueed  to  In- 
.-ieriously  c|(i}j};od,  the  layer  with  eicessive  oijjaiiii'  uiaHei's  was  not  more  tliaii  H 
inclios  ileep,  althunp-li  more  ihiin  4tH},(J0O  galliini"  of  sewiine  (Nl'O.fMNI.lMK)  gnllons  pw 
acre)  Imd  pas-s.id.  lu  tins  case  the  renmval  of  two  yards,  nr  at  Ihe  rate  of  5  ynrds 
per  million  k""oiih  ut  scwuKe  treated  would  have  snfficed.  In  June.  ISt'l,  tin-  snr- 
fai'o  •>{  FiUiT  No.  2  wii"  clogfieil  not  nioi-o  tliaii  two  ineliPH  deep  ftfU-r  filli-ring 
2-3(1,0(10  gaUoiis  (ill.tXMl.tXK)  gaUons  per  ai-ie).  iMin'-]Hindiu(:  lor).R yards  ]h:i-  niillioii 
KaliouH.  The  sand  below  this  njiper  layer  contains  some  sloied  matter,  whiiOi 
wouhl  be  earned  forward  to  the  next  aeeonut.  and  might  eventually  raise  Thi> 
amount  of  sand  to  lie  removed  to  eight  or  even  ten  yards  per  luillioti  gallons.  On 
the  olher  hand,  so  far  as  this  sand  regains  its  power  of  purifying  sewage  this 
amount  will  be  reiiueed.  If  llie  sewnge  enntained  more  or  less  snsj'endeil  matter, 
correspondiuKly  more  or  le>s  new  sand  would  be  required,  anil  if  the  Rusiteiidpd 
raatier  was  first  removeil  from  tlie  sewage  by  settling,  we  may  believe  tiiat  ih« 
amount  of  sand  to  be  removed  would  be  very  small.  Fxperlments  are  now  In 
pi'ogreas  to  determine  this  point. 


The  Effect  op  Fbost  and 


Ssow  Upon  IsTEBMrrrBsT  Filtration  at 
Lawrence. 


As  han  already  been  iutimatt-'il  iu  this  ehaptor,  froBt  checks  uitnfioa- 
tioii,  but  its  bail  yffects  mny  bp  giitirded  agHaiist  so  eflWtiially  as  to 
make  it  uo  serious  obstnclo  in  the  way  of  intormitteat  filtratioii. 
Aside  from  tbe  winter  application  of  sewag^e  to  I'livered  trenches, 
at  the  Lawrence  Experiment  Station  other  experiments  have  been 
made  to  determine  the  effect  of  frost  upon  liltcr  bods.  The  resnltn  i>f 
these  experiments  ai-e  outlined  by  Mr.  Hazeu  in  the  Twenty-third 
Annual  Report  of  the  Miissachn setts  State  Board  of  Health,  pp.  441 -T« 
fmm  which  the  following  is  taken : 

DurinR  the  first  winter,  IfiftT-M,  the  various  filters  were  exposed  lo  the  w.'uiher 
without  protection,  and  no  nitvifiraiion  was  obtained  until  the  temiiei'atni'e  Wgan 
to  rise  in  the  spring.  Tlie  result  might  hare  been  diffeient  if  tbe  filters  had  br«n 
nitrifving  well  before  cold  weather.     During  iho  two  following  winters  the  tillera 
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were  (notpotetl  from  snow,  ami  to  a  certain  extent  fioiu  colil,  by  i-ain'iis  coveis.     It 
WKs  (diiikI  llint  wliuii  till'  flIlcL's  were  so  prolt'i^t<>tl,  uliuout,  if  uut  i)iiiii\  as  piiiiiil  ru- 

IsnllH  u'GL'H  olittiij^ed  ill  ibe  ninter  an  Uilriiig  tlm  nuruier  iiioiitlis.  uiid  it  wun  fstub- 
lislied,  us  state.!  in  the  s(jei:iftl  H'jmrt  ii|nni  Piiiitii'iition  of  iSewuce  aiiU  Wiiter 
(iniges  21)  ami  ^>'').  t1mt  iutfrmitU'iit  Slti-utinn  ia  eutivcly  ))[aetioalilo  in  tliis  cli- 
mate, if  HQOW  in  iiei't  from  llie  tilluiiiig  area. 
We  liiiil  no  sntisfauLoi-y  lu  format  ion,  lionever,  as  lo  wliat  results  could  be  ob- 
laiueil  from  uuprotecte.i  flitei-s.  Acriirdiiigly,  in  the  winitr  nf  1890-31  iLe  out- 
ilooi'  filtprs  «'i>r«  left  e^poFteil  to  tlio  weatlicr,  Filters  1 ,  2.  4.  ami  G  were  lecoiviug 
from  34.000  to  103, fW)  i^allniis  of  sewage  jK-r  uere  ilailv,  anil  were  11*0  from  com- 
pliciitiuiis,  so  tUat  tliey  furuisli  tLe  best  ilutu  in  re({iiiil  to  ftuat.     .     .     . 

^M  a&BB  OF  THE   FILTERS    IN    WINTKR. 

When  sand  is  frozen  solidly  after  draitiinft  tbere  still  remain  ojien  pores  through 
whicL  tliu  Huwa^t'  easily  finds  its  way,  tbawini;  to  some  e»teut  the  frost  as  it  pjo- 
^^  ceeds.  After  the  »ewui^e  lias  drained  away,  the  portion  whit'h  remains  in  the  sand 
H  oguiu  free/es,  bnt  open  pores  nri'  slill  left  wliieli  allow  the  passujje  of  the  nrit  por- 
H  tiou  of  atwuKe.  If,  hinvever,  the  seivHge  nettles  away  very  slonij,  it  will  freeze 
^M  before  the  sand  drainii,  and  in  this  ease  no  pores  are  left,  and  the  next  applit^atiou  i>f 
^m  sewage  will  remain  upon  the  Nurface  and  freeze  solidly,  if  the  weather  is  cold  enongh. 
If  sDow  i.t  n[)OQ  the  surface  of  (ho  sand  imd  Bewajje  is  ap)>li<-d  uniformly  to  it,  it  is 

■  at  once  cliUled  to  tUii  frec/.iii-;  point,  and  bas  then  no  [lower  of  thawing  the  frost 
in  tbe  U]iper  layers  of  sand  ;  and  if  the  weatber  in  cold  the  ivliole  will  solidify  oa 
the  surface,  effectually  closing  tlie  filler.  The  two  esseiitiiil  eondilions  to  the  pas- 
sive of  sewa^je  lbrou<th  tll^'  fillers  in  winter  are  (hat  sewuge  "ball  never  be  put  into 
snow,  and  that  tlie  tilloring  material  shall  be  open  enough  lo  absorb  its  done  rait- 
idly.* 
Seirage  was  applied  Quifoimly  at  a  tempemtui-e  of  from  44"  tn  id",  or  tlie  average 

kcewor  temperature  i?i  winter.     .     ,  All  snow  wivs  iiioniptly  removed  from  the 

■fillers  by  shovels.  Eacli  week  the  snrfaee  was  disturbed.  If  the  sand  liecame  wnf- 
ficiently  thawed  at  any  time  when  it  was  not  se«age  covered,  it  was  then  raked. 
When  there  was  no  such  o]>porlunity  for  riiking,  tbe  Kurface  wim  disturbed  with  a 
pick  in  numerona  pkees.  During  December  no  record  was  kept  of  tlie  exiict  lime 
rerjiiired  for  this  work  on  the  several  tillers  ;  it  was  about  tbe  same  as  for  January. 
I  Foi-  January,  February,  and  March  it  waa  an  follows,  in  hours'  work  for  one  aum 
^LoD  one  two-liundredtb  of  an  acre  : 

^m                                          Pilm.  Juiiwrj.      Fcbroary.      MHruti.  ToUl.t 

^B        Ma.  1 «  a  3  16 

■  «.. T  3  s  in 

■  4. - *  iM  m  av 

V  • w         'x         *>i  'w 

t  Thl-  Dulunn  huA  b»n  mMvd  by  IHv  ftiLChon.    Thew  rcnultv  oinniit  be  uk^D  tji  In  iny  d^eifit  inilliii{li>i2  vbat 

V1I1  be  iibEditllcil  In  act.clBl  itnu'CLci',  wht^f,  tr  J1  tH^unme  nL'on'jii^  to  mtiove  miow  And  vtir  ii|i  the  IAI14I  Irtjtii  i\ny 

tuilBT-  HS  wiF  Jono  In  the  oiiwrLnir^ilK  It  w^illit  l-c  norvm^Tliilii^l  Bl  lur  I™a  pk|)Miiiic  h^  thf  ntie  nf  iiM-chJinli-iiI 

■]>pilBhcr«.     Ap^wrpnlly,  d  p«i>inr<whnt  niiirc  rm1lf>ikjil  tivAtm«iit  nf  thi*  vii'hlein  tfi  Indjjiitnil  iif  Clini'l^r  XVIL 

'       <^rlAlnljr  the  il-e  or  Tw\,rn  l..VtU  c*  M.II'HI  iUi\r:  ]BlH,r  fur  winrtr  fur  h.ini^  rpnuivAl.  as  inrlimlftl  by  Mr.  Hn&'irB 

IlftllVd.  vr  miy  nrjiiimtt  i*t  Inli'ti    npiFnt^k-iiHIiMir  Thrrpt),  wipnld    tf  liiiprm-licnljle.     ThcutfB  It  'tiuiilil  not  tv 
-loDkHl,  Iri  eoii-lrti'rinu  Ur  Hikfj'rt''.  ref-iiliii.  tfiai  wliifi-  Itipy  li»!L<.iiti'  nHPitiintt  iiH  roi^pit  "f  itTucNvlna  "UDW  lo 
lal  pfutiea,  Uitf  do  j>um  iaillcBLe  the  t-itonl  or  winter  purtUcKtlun  unitDT  iJiffBp«cJHl  cutidltiDiifl. 
I 
■                                                                                  BESttLTS. 

'         As  soon  aa  frost  began   to  form   freely  in  the  various   fllterfi  a  marked  cbauge 
ma  noticed  in  the  chemical  compoattiuii  of  the  effluents  ;  the  fre«  ammonia  in- 

'  It  (houlil  be  Mid  tb>t  with  tlie  ooailitioas  whioh  obtkio  in  letnal  pnuttm  with  r«gird  In  Iha 
rllHid  of  applying  tiewBge,  no  lerioiu  iliffiirulty  hun  beeti  experienctfd  in  MaHuibnBfltt*  in  diniinB' 
Bg  of  *cWBgn  in  winut  oD  poron*  gmnnd. 
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creimpd,  &tid  Boon  tbe  uitrates  decveEiBed.  The  organic  matters,  aH  Bliown  hy  ttie 
alimiiiinoid  atninoiiia  iind  by  tlie  mygen  conntitned  from  pennnn|janal«.  also  iii- 
orcu-voil,  but  not  In  im  extent  oi)rii!Hi>oiiJiiifi:  with  tlie  fee  unHijuiiiii.  During  the 
i'oIdi-[-  mouths  nilnfii'iilimi  wiva  niutli  cbw'ki'd ;  amiuonia,  iiisttjdl  of  nitrates,  wa* 
lavgi'tv  the  end  pmiluct  ol  the  oxidation,  so  fnr  us  nitrogpn  wiis  coneemed.  The 
tirat  siiifje  I't  luiiilicatioD,  namely,  the  oxidation  to  tunmonift  and  carbonic  acid,  wu 
noi.  nlTucteiJ  to  the  name  extent. 

A  talile  iiitrudiiced  at  tliin  jioint  (p.  443  of  the  report)  shows  the  iiTer- 
age  iilbiiminoid  iimuioiiiji  iu  the  Hpplied  eewtige  iind  the  effluents  from 
the  tour  esperinii'iitul  lilters.  Tht'sf  Miiiiii'  figui-i;.'*.  put  in  the  ftinn  c/ 
pf  rceotages  of  ortiimu-  luiitti-r  n'miihiiufj  iu  tbe  effluent  after  filtration, 
are  quoted  fidiu  thf  report  an  fullnwB,  the  taiilcB  beiiig  arranged  iu 
order  of  fineuesH  of  jnat>^rial,  No.  1  being  very  coarse  sand,  No.  6  coaraa 
No.  2  of  tine,  No.  4  very  fine  sand : 


Tablb   6BA.  —  PERcKNTAiiEe  ov  Oko.inic  Matter  in  Eppi-vents   from    EkTebI 

MBSTM.   FlI.THlKU   IN    WiNTKK, 
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Quoting  again  fi'oni  tlie  report : 

During  the  colder  monlhs  of  (he  voar  there  was  a  period  with  each  filler  of  aboni 
three  months,  during  which  purification  was  much  less  complete  than  at  higher 
tern pemtu res.  The  lime  of  this  perioil  varied  iu  the  different  ciist-s  :  the  eoanu" 
materials  were  the  first  to  hufTei' ;  tlie  finer  Hrtnd«  were  not  so  kooii  iifleeled,  bnt  Ihv 
period  was  as  lontt.  extending  into  warmer  weather.  Willi  No,  1  a  mailied  improve- 
ment ocenrred  while  the  temiiei-alnre  of  the  effluent  was  still  deerca^iinR.  With  NtK. 
;;  !ind  C  the  highest  or(;iiiiic  tnatler  was  coiiic;i<lejit  with  llie  lowest  teniiwiiiture.  while 
No,  1  followed fconie  weeks  liitpr.  DuriuRDt'cember  the  frost  «as|iaitii'n!arly  Iroublr 
some  in  Filler  No.  1,  and  I  he  diNlrihntion  of  sewaRe  wn.t  impiTfeel.  moKt  of  itgoinj; 
down  thronah  limiti'd  iiiitrii/eii  areiis.  Later  the  Irosl  wu.s  broken  with  pickw,  nmt 
better  distribntion  was  obfnini'd.  This  explains  jirobably,  in  n  laiRe  msosiiri',  whr 
the  worst  results  were  oblnined  so  early  in  the  sea-ion.  It  is  aNo  jiossjblo  that  thi' 
filler  became  in  some  way  adnpleil  to  the  frost  :  that,  afler  a  few  weeks  of  use.  thr 
porliunfl  of  the  filler  bolow  th'>  frost  did  their  work  more  IliorouKhly  than  at  ftrnt, 
TOgardleas  of  temperalnre,  for  llie  same  reason  Ihal  any  filli-r  give"  ils  best  r^solt 
after  it  liati  been  used  fi>r  a  time. 

The  areroge  numbers  of  baeteria  per  oubic  oeDtimetre  1);  months  n-ere  ma  fal- 
Iowa: 
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Tablb  No.  66  B.— Bactemia  in  Ekfi.uknts  kkom  ExrEKiMENTAL  Filtriik  th 
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The  albaminoid*  ammonia  ami  bacteria  in  tlie  efflaents,  in  percentages  of  those  of 
the  sewage  for  the  wont  month,  womt  three  monthn,  and  for  a  period  in  warm 
-weather  as  nearly  an  jtoasible  comparable,  are  as  follawn : 


Fllur  No.  l.iFilwr  No.  B.     FlLierNo.  a.     Fillw  No,  4. 


IS 


^ 


11;  I     If 


'Wont  month ..,-,...  . 

W'ffit thn^e rqontht  ........   ............... 

Wfum  v«ith«-  -......„,-,...-..„,,, 

Rotlct,  wkmi  weuher  to  vorHt  thT««  monUi^. 


KI.O    ll.W  li.lt  HW  6.n 

IBS     7.80  ».!!  4.«)  4.7 

5.0 ,  i.M  J  a.B  .rr  i.k 

fl.i    a.  s.a  I  s.  S.II 


.18   I  B.O 

.KB,  4.7 

.003,  l.ft 

»fl.        1  8,1 


With  the  snb-Burface  application  of  sewage  on  Filter  No.  7,  which  has  a  distribut- 
ing pipe  eigliteen  inches  below  the  surface,  no  bod  effects  from  the  cold  weather 
have  been  observed.  The  effluent  during  the  months,  Jaenarr  to  Jnlv,  16SI1,  wan 
not  of  as  good  a  quality  aaat  other  times,  bat  it  is  believed  that  this  was  dne  entirely 
to  over-doaing,  and  not  to  the  tem|ieratnre.  This  view  isconftmied  by  the  lesnlta 
dnring  the  ancceeiling  winter,  wlien,  with  a  smaller  done,  nniforinlj  good  purifica- 
tion was  obtained,  and  the  flnctation  in  the  tree  ammonia  bore  no  relation  to  the 
weather. 

To  resume  :  We  have  found  that  froat  cheeks  both  purification  and  nitrification, 
althougli  the  removal  of  the  organic  matter  is  more  complete  than  the  oxidation  of 
ammonia.  The  principal  dinturbance  from  cold  weather  did  not  last  more  than 
thiiie  monthn,  althoasjh  nitrification  was  more  or  less  incomplete  for  a  longer  period. 
During  those  three  months  the  effluents  from  the  different  filters  contained,  in  each 
OBSe,  about  three  limes  as  lai^c  a  proportion  of  the  organic  matters  of  tlie  applied 
sewage  as  the  effluents  from  the  Kame  filters  contained  under  comparable  conditions 
in  warmer  moot  ha. 

During  the  winter  months  the  ftlt«ra  removed : 


AlbPaiinold  KihmofiiH-  Bnct^Hii. 

Per  wnt.  Per  cent. 

Filter  No.  1,  vory  OAThfrnid  ,..---.-...-,. tit  03 

"              a.  OMnw  wnd Hi!  I« 

'■            i,Bne«n<l «s  »,« 

**            4,  *nT  nne  unrt ..............................               9C  f0.tS 
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These  TeKiilU  are  roihI.  nllboiigli  les.s  i>ei-fect  tliuii  tbose  obUUDeJ  in  tlie  UBTiner 
tudiilhs.  With  tlie  tiiip  Liiuteniils  tlip  imriticntion  is  niosl  complete,  Imi  even  with 
tlif  fc.iii-sesi.  So.  1,  ihe  remiU  in  far  better  Ihnu  conid  be  ohtiiineil  by  anv  pruceM 
of  c]ieiiii<.-al  prtK*i]iilation. 

FifOMT  AND  Snow  at  the  Filter  Beds  at  South  FiiAMiNdiUM,  Ma»- 

fiAlHrsETTS. 

It  hits  heeu  foiini^  in  tictnnl  piMctice  at  South  P'ruiuiugliuiu,  Mnf«., 
that  siiow  servfS  iis  ii  proteitinu  to  ibe  tiltt-r  i>0(]s,  ullowiu^  the  neWftfTM 


Km    S'l.— Snow  covBRKo  Srwj(iif   Kii.tkh  Bkii  at  South    Frahikiiiiam.   Mibs. 

to  Hinciid  over  tbf  haXn.  hfiienth  it,  nithoiit  froeziiiir.  Tlie  following 
at'i'ouiit  of  the  ap|i|iriitioii  of  HewafTf  to  fi-dzen  mul  siioH-covpreil  l»e<l8 
its  of  speoial  interest  iu  this  ••ninit'clioti,  aa  is  al»o  the  accoiDpauyiiig 
view,  Tig.  2-1. 

During'  the  cold  weather  of  .Xauuiiry,  1893,  some  obBervatioDB  of  the 
etfect  of  frost  ou  filter  beils  were  made  by  the  Sewer  CommissioDeni 
of  South  Framiiigham,  MasBiiebiiHetts,  nt  the  sue^tstion  of  Mr.  Alleo 
Eazeu.  Thu  results  were  published  in  the  Frniuiiigham  fro^ettf,  fnwn 
which  the  foilowiug  has  been  abstraeted  : 

A  filter  bed  with  an  area  of  seveu-eifrhlhs  of  an  aorft  received  no 
aewagre  from  some  time  in  Septemlwr  until  Jan.  y.  On  this  date  then* 
were  18  iuchea  of  frost  in  the  bed  and  10  inches  of  buow  upon  it.  the 
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thermometer  reaching  6°  T.  below  zero.  Jan.  9,  300,000  gallons  of 
sewage  were  applied  to  the  bed,  and  on  Jan.  10, 150,000  gallons.  It  is 
Boiil  that  the  elilueut  appeared  in  the  underdrain  in  sis  hours  aitar 
the  applitatioji  of  the  sewage.  On  .Jan.  11  the  fi'ost  was,  in  places,  out 
of  the  bed  for  its  whole  depth,  and  on  Jan.  12  it  was  nearly  all  gone 
and  the  sewnge  had  disappeared  from  the  sm'face.  The  temperature 
of  the  applied  aewnge  was  50°  F. 

On  Jan.  16,  17  and  18  observations  were  made  on  another  bed,  wilh 
an  area  of  one  aiTe.  The  li'ost  in  this  bed  was  from  20  to  30  inches 
deep,  and  there  were  15  inches  of  snow  upon  it.  On  Jan.  16  the  ther- 
mometer indicated  6°,  on  Jan,  17.  20° ;  and  on  Jan.  18,  4°  F.  below 
zero.  On  Jan.  IG,  500,000  gallons  of  sewage,  at  a  temperature  of  4;t^ 
F.,  wereiiumped  upon  this  bed,  and  on  Jan.  17,  175,000  gallons.  The 
underdrain  stai'teJ  in  Hcven  hours  after  beginning  the  application  of 
Bewii<:e.  Ou  Jan.  18,  the  frost  was  out  of  the  ground  in  places,  and  on 
Jan.  19  ueaily  all  out,  while  the  sewage  had  entirely  disappeared  from 
the  surface. 

At  the  South  Framiugham  pumping  station  an  underground  reser- 
%'oir  pii:>vides  storage  fur  aliont  430,000  gallons  of  sewage,  which,  with 
the  sewage  delivered  during  iiunipiug,  would  allow  the  application  of 
500.000  gallons  of  newage  to  one  bed  in  about  sis  hours.  Tbis  amount 
of  sewage  wius  applied  to  one  of  tlie  beds,  with  an  area  of  one  aere,  in 
one  day,  and  175,000  gallons  ailditional  ou  tlio  following  day.  The 
application  of  so  large  a  volume  of  sewage  at  a  temperature  of  aljoul 

160°  F.  in  so  abort  a  time  was  certainly  favorable  to  the  passage  of  the 
sewage,  but  the  presence  of  15  inches  of  snow  was  decidedly  unfavor- 
able.* 
A  ^-iew  of  one  of  the  South  Framinghara  beds  covered  with  snow  is 
shown  by  Fig.  23.  The  bed  has  an  area  of  about  seven-eighths  of  an 
iicre.  It  received  no  sewage  from  the  middle  of  October,  1892,  until 
Feb.  19, 18!I3.    On  the  latter  flate  there  was  from  30  to  36  inches  of  frost 

I  in  the  ground  and  30  inches  of  snow  on  top  of  it.     From  Feb.  12,  to 
March  1,  when  the  view  was  taken,  about  50,000  gallons  of  sowage  per 
day  was  applied  to  the  bed,  going  beneath  the  suow,  as  can  be  seen  in 
the  view, 
1 


I 
I 
I 
I 


8now  on  the  FriTEit  Beds  at  Summit,  New  jEitsEY. 


In  the  winter  of  1803  an  unnsnal  amount  of  snow  fell  at  Summit, 
New  Jersey,  which  is  a  short  distance  from  New  York  City.  The  ground 
I  having  been  covered  with  snow  for  many  weeks,  the  writer  visited  the 
I  Summit  filter  beds  on  March  fi.     Most  of  the  beds  were  entirely  oov- 

•  Eng  New«.  vol.  xxlx.,  p.  ITl  {Fab.  93,  ISWi) 
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ereii  witit  amiw  and  ice,  and  all  partially  so.  Sewage  was  titiiug  ap- 
plied to  seVLH'al  beds  :liu1  tindiiig  its  way  beuoatli  tlit'  suuw.  The 
attendants  stated  tbat  tlie  snow  liaii  not  stopped  the  liltnitiou,  nltlioiigli 
it  had  requiied  unusual  care  to  prevent  some  of  tlic  beds  from  filUug 
and  ovei'flowinp.* 

The  special  subjotit  of  winter  maiiag'enieut  of  tiller  areas  is  treated 
at  length  in  t'liapter  XVII. 


'  SUMMAKY. 

We  may  now  pass  to  the  suuiuiary.l* 

(1)  Intermittent  filtration  tliiougb  coarse  sand  is  not  a  process  of 
straining  at  all,  but  is,  on  tiie  uoutraiy,  a  biological  process  in  which 
the  nitrifying  orrranism,  with  the  assistance  of  osygen  from  the  air  and 
the  minerals  naturally  in  solution  in  sewage,  resolves  the  organic 
matter  of  sewage  into  soluble  mineral  nitrates  and  probably  tree  nitro- 
gen gas,  tln'  whole  jtrocess,  when  properly  conducted,  taking  place 
essentially  without  the  jnoduction  of  odor. 

(2)  The  conditions  for  successful  treatment  are:  ((()  Intermitteiicy 
of  application,  and  {lA  open  spaces  between  the  particles  of  the  filter 
(the  void.s)  to  which  air  easily  gains  access. 

(3)  In  sand  filtration  areas  the  reliitions  of  the  spaces  occupied  by 
sand,  liquid,  and  air  will  vary  for  different  qualities  of  material,  with 
the  result  of  producing  variations  in  the  quality  of  the  effluents.  The 
experiments,  Iiowevcr,  enable  one  to  decide  approximately  :  ((i)  Wniat 
<legree  of  purification  may  be  obtained  with  a  giveii  material ;  and  {!') 
the  unit  quantity  of  sewage  that  may  be  i>uritied  within  limita  to  any 
required  standard  with  a  given  material.  AVe  ma_\'  therefore  say  thafe^^l 
sewage  puriiication  by  this  process  now  has  not  only  a  scientific  basiB,^^| 
but,  in  general  terms,  is  amtmable  to  computation  in  reference  to  what 
may  be  accomplished  by  it  nnder  given  conditions. 

(4)  As  a  detail  of  practical  management,  Mr.  Mills  says  that  whU« 
with  a  filter  of  coarse  open  sand  some  bacteria  may  pass  through  the 
filter,  nevertheless  with  the  underdrains  as  deep  as  practicable  and  as 
far  apart  as  will  serve  to  drain  the  <|uantity  t)f  sewage  to  he  applied, 
if  the  sewiige  be  applied  in  small  quantities  at  a  time,  rather  than  in 
largo  quantities,  and  more  frequently  than  with  large  quantities,  tin' 
number  of  bacteria  passing  thi-ough  will  be  less  than  if  the  whole  daily 
application  is  made  at  one  time. 

These   deductions  are  based  on  the  Special  Report,  covering  th* 

•  PurtheTiipuiil«wg»rcIingthiiivUitoanbofQnnd  in  Eng.  News.  vol.  kui.  (Mir.  18,  ISW).  p.!4«L 
t  Ths  inlcntion  lim.  s>  in  the  prtHtinii  ta»c  of  llip  MunsohiiHtta  oipcrimunts  on  ph»inlo«l 
purification.  i>,  whnte*er  the  form  o(  Ungiiige  uwd,  U>  K'simjc  tlip  rnii[joniiilility  of  Iho  liem 
«ipri.-«&eil  in  Ilie  mtininHiy,     ThUU  ontf  jn>t  whin  ui  utifniiili*  niiwlv  la  c:<in<1ni*c  •orot^  boa- 
Hired  I'liEC't'  into  Ihi^  "T  foor^ 
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years   18SH   uml   188!t.     In   ISSKi   iiti.l   1891  Tiuik  So.  1,  in   use  sim'& 

1888,  filtered  «ywage  at  the  nitt:  uf  8J,!)'20  galloiiR  pf-r  acre  ilaily  for 
IcTery  day  of  the  timi-",  removiiifr  u4v  of  the  orgitnic  matter,  h«  deter- 

miued  l)y  the  albuminoid  jiuuuoiiiii,  and  1)8'.  of  the  baoteria. 

(5)  The  general  result  with  cIl-hii,  sharp,  coarse  saud  tiltera,  as  deter- 
I  luiued  by  experimenting  with  four  auL-h  filteri*,  ii* :  (a)  That  60,000  haI- 

kms  per  acre  per  day  may  be  filtered,  with  the  resiiH  of  removing  from 

!i7  to  ilS)  jier  eent.  of  the  organic  matter,  and  giving  an  effluent  always 
I  coloriess,   generally  clear,   and   with   very  little  or  no  sediment ;  (A) 

larger  qmmtities  up  to  180,000  gallons  a  day  may  be  filtered,  and  37 

per  cent,  of  the  organic  matter  removed  for  several  months  at  a  time  ; 

aud  (c)  when  filtering  60,000  gallons  a  day,  sucU  a  filter  will  remove  na 
^average  of  'Jil.9'^  of  the  bacteria  in  the  sewage, 

(G)  As  a  deduction  from  (4)  ami  (5)  it  may  Ite  fairly  stated  that  about 

100,000  gallons  per  acre  per  day  may  be  filtered  through  coarse  sand 
.tillers  similar  to  Tankw  No.  1  and  Nos.  12, 13,  and  14,  and  results  ob- 
Itained  more  than  satinfying  the  conditions  of  any  standard  of  sewage 

purification  yet    laid    down.     Such    filters    may    occasionally    require 

I  cither  periods  of  conipnrative  rest  during  wliicb  the  amount  of  sewage 
Hpplied  would  be  much  less  than  the  average,  or.  in  some  cases,  of  abso- 
lute rest ;  it  will  doubtless  be  found  advantiigeons  to  turn  under  the  top 
layei-s  of  the  filtering  nnkterial,  while  in  time  it  may  be  necessary  to 
renew  them.  This  rest  period  maybe  usually  easily  obtained  in  the 
Buuinier  by  having  areas  to  which  sewage  is  applied  for  irrigation  i>ur- 
poses  only,  and  with  due  reference  to  the  best  ciimmercial  return  from 
|the  growing  crop.  The  summer  season,  too,  with  its  higher  tempera- 
ture, is  the  time  when  a  given  period  of  rest  may  be  expected  to  give 
the  most  thorough  recuperation.  In  this  view  broad  irrigation  nniy 
considered  an  adjunct  of  puriticiitiou  by  intcrndltcnt  filtration. 
(7)  Experiments  with  lUtr-ill'in  priii!i<ii'Wi/<  indicate  that  coarse  sand 
Slters,  when  filtering  at  the  rate  of  ()0,000  gallons  per  acre  per  day  and 
upward,  may  allow  a  few  of  the  more  Lardy  varictii'-s  of  bacteria  to 
pass  through;  but  with  fine  sand  filters,  filtering  say  20,(100  to  4ll.o0ft 
gallons  per  acre  per  day,  it  is  uucertaiu  that  any  bacterium  whatever 
is  hardy  enough  to  survive  the  passing  throiigh. 

1(8)  Filters  of  either  clean  fine  sand  or  of  river  silt  may  be  expected, 
to  purify  at  least  30,000  gallons  per  acre  per  day  so  tlioronghly  as  to 
produce  im  effluent  organically  far  superior  to  ordinarily  pure  waters, 
and  it)  which  the  number  of  bacteria  per  unit  volume  is  niueb  h-ss  than 
in  such  water.  Whether  the  few  bacteria  actually  found  in  the  cfflnent 
experiniented  npou,  came  thnuigh  fiom  the  surface,  or  whether  they 
are  derived  from  the  under-drains,  or  frcnn  bacteria  developed  in  the 
lowrr  prntions  tif  the  filters,  is  uncertain.  It  is  possible  that  at  timea, 
even  "  itli  the  fine  sand  filters,  a  few  come  through. 
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Tin;  aftiiiil  let-anl  of  Timk  No.  2,  tiuo  situd,  for  tht-  third  luid  foiirtli 
ypHrs  of  itH  etTviie,  1890  and  1891,  shows  that  it  filtered  an  average  i>( 
4y,3«0  galluus  daily,  removinfi  97.5  per  cent,  of  the  organic  matter  and 
at  least  9S).39  per  cent,  of  tlie  Imeteria. 

(9)  AVith  tine  river  silt,  it  apiiears  thiit  the  beet  way  to  apply  the  sew- 
age is  either  in  trenches  which  have  been  esciivated  and  filled  with 
cosrae  sand,  or  possibly  to  such  areas  the  upper  foot  or  foot  and  a  half  j 
of  which   has  lioen  covered   with  coarse  sand   into  which  the  dailj 
application  may  sink  in  a  short  time, 

(10)  The  advantages  of  applying  sewage  to  trenches  excavateil  in  the 
otigiuiil  material  of  an  ordinary  fiehl,  and  tilled  in  with  clean,  coarse 
Kaud,  are  as  follows  :  («)  If  sewage  is  applied  over  the  whole  surface, 
the  liuer  particles  are  likely  to  be  taken  up  by  the  sewage  u»  it  tlowB 
over  the  tield,  and  deposited  iti  the  interstices  in  such  mouaer  as  to 
soon  choke  the  inter-spaces  ;  if  applied  iJi  winter  to  the  ujiper  layersj 
of  such  materia),  by  reason  of  nearly  continual  satui-ation  it  is  iuor«' 
liable  to  freeze  than  would  be  the  case  if  open  so  that  sewage  reatUly 
passed  into  and  through  the  spaces;  (A)  with  trenches  about  one  foot 
wide,  two  feet  deep,  and  five  fi'ct  apart,  tilled  nearly  full  of  coarse 
hand,  we  have  provided  a  medium  which  will  readily  receive  the 
sewage  and  quickly  take  it  below  the  surface.  The  area  of  fine  mate. 
rial  ()D  the  sides  and  bottom  of  the  trenches  is  equal  to  the  area  of 
the  whole  surface  of  fine  material  in  the  field  ;  to  this  eipiivaleflt  area 
the  sewage  comes  not  only  freed  from  sediment  by  straining  through 
the  coarse  sand,  but  it  further  comes  to  it  with  such  slow  motion  aa 
not  to  disturb  the  particles  of  line  material  ;  the  underground  surface 
of  the  original  tine  material  of  the  field,  therefore,  remains  perma- 
nently open  to  receive  the  sewage;  (<r)  the  surface  of  aand  occnsiou- 
nlly  requiring  renewal  is  at  the  same  time  limited  to  one-fifth  ;  and  (>/) 
this  one-fifth  portion  can  be  materially  assisted,  when  necessary  in 
cold  weather,  by  covering  the  trenches  with  boards. 

(lit  Fields  covered  with  an  impervious  or  nearly  impervious  soil  at 
the  surface,  but  having  coarse  sand  or  gravel  subsoils,  cjui  be  provided 
with  trenches  cut  throuirh  the  poorer  filtering  material  near  the  siu- 
face,  and  more  etfitrieut  filtering  ai-eas  made  thau  when  prepiireil  in  the 
usual  manner. 

(12)  These  trenches,  filled  with  coarse  sand,  may  !«■  the  best  method  r 
of  arrau^ring  filter  an'as  in  the  colder  climate  of  the  Northern  Stat*-*- 
TVith  them,  sloping  areas  can  be  utilized  without  the  expense  of  level- 
ling. The  field  at  Lawrence  has  a  maximnm  slope  of  alxnil  1  in  10 ; 
whilo  the  ti-onches  are  arranged  in  reference  to  the  contoui-s  in  such 
manner  as  to  slope  frvnu  1  in  50  to  I  in  100. 

(13)  As  a  deduction  from  (12)  and  what  has  preceded,  it  may  In-  oon- 
clnded  that  when  iu  extremely  culd  climates,  liable  to  heavy  snow- 
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falls,  it  ia  found  ileisimblt;  to  ane  full  iiitiii  lom-ne-sftiul  tilters,  they  may 

[l)e  efficiently  opi-mted  iu  winter  by  arrHiig'iiig  the  surface  before  the 

j  lie^'lnniiig  of  L-akl  wtiiither  iu  trenches,  sdiucwhiit  lifter  the  maimer  ile- 

scribeil  lu  the  foresroirif,',  and  proviiUnti  buiivd  covers  for  the  siime,  to 

[be  rwmovnd  uuil  storeil  in  thti  spring,  and  iit  the  Banie  time  the  siirtact' 

levelled  for  ordinary  full  surfiice  applicalitin  iluriugthe  warm  nionths. 

For  moderate  wiuti-r  climates,  however,  the  tilter  areas  may  be  operated 

I  without  any  protective  covering  at  nil. 

A  suggestion  for  a  system  of  covered  winter  absorption  drains  on  a 
[  level  ai-ea  is  givtm  iu  plan  and  section  by  Fig.  24. 

(14)  The  mechanical 
separation  of  a  portion  of 
the  sewage  which  taken 
place  in  the  coai-Be-sand 
trenches  referred  to  in  10 
luid  11  is  merely  an  In- 
cident of  intennittent  fil- 
tration wliich  under  eer- 
tain  conditions  favorably 
moditiea  the  result. 


WINTER  CUWIM-UPPtBENO. 


WINTER  DRAIN. LOWER  END, 


Pill.  25.— SuiKiBflTioN  POX  CnvtsRRn  Winter  AiwonrTinN  Draihs. 

(15)  In  estimating  the  relative  value  of  chemical  yersus  filtration 
processes  of  purification,  the  practical  question  arises  as  to  which 
jroeess  luay  be  expected  to  furnish  an  effluent  least  adapted  to  sup- 

wt  the  life  of  bacteria.     Esperimeuts  upon  the  effluents  from  the 
irse-sand  filters  indicate  that  the  organic  matter  remaining  therein 
lis  in  no  case  well  adapted  to  support  bacteria. 

(16)  The  fui-ther  practical  question  arises  in  relation  to  the  use  of  the 
purified  effluents  from  filtration  areas  for  drinking.     The  answer  is : 

All)  Tliat  judging  by  chemical  aualyuis  alone,  there  is  nothing  in  the 
^effluents  knowni,  or  even  suspected  by  chemists,  to  be  harmful ;  (M 

there  are.  however,  a  few  bacteria  which  survive  passage  through  the 
^  coarse-sand  filters,  and  until  wc  are  able  to  say  that  none  of  these  are 

Usease-producing  varieties,  the  th'inking  of  the  undiluted  effluents 
[from  the  coarse-sand  filters  <-annot  be  considered  permissible ;  (c)  the 
10 
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luiionnt  Hud  fumlitioiis  of  dilution  wliieh  may  be  iiciesMary  to  render 
suL-b  titHueuts  (.■ijiiiiiunitiviily  taiiv,  di^peud  upoii  so  iimiiy  oleiueuts,  tliitt 
a  rutioiml  o|iiiiiuii  relativu  to  the  proliiilile  Jtigree  of  sjifety  in  any  jji\fu 
ciisL'  iim  only  lie  given  by  au  expert  after  all  examination  of  all  tlie  uX- 
temiant  eireHnistaiices ;  ('/)  ultbou^li  not  itbsohitely  proven,  there  ai-e 
uevertlielens  utiuny  ceaHOUS  for  believing  tJiat  the  ettUients  from  tine- 
Biunl  tilteiB  are  entirely  free  from  bacterid  of  every  wort  anil  kiml.  and 
if,  ou  fui'lher  Htixly,  it  tiirnR  out  that  this  i»  true,  no  far  att  present 


Fio.  26.  —  Clltivatkii 


■  i.  Aura    witit    A>i- -iin-,   Ihtctikh,   Lutos, 

Bnoi.and, 


information  goes,  there  is  no  rention  to  be  urged  againKt  ilrinkinj;  tlie 
eiHuents  from  such  filters. 

No  reference  liaH  been  made  in  thin  chapter  to  the  partial  lultivatioii 
of  intermittent  filtration  areas  by  the  use  of  the  ridtre  and  furrow  ay»- 
ti-m,  which  has  been  employed  in  En-rliind  with  more  or  less  suceess. 
Tlie  new  views  which  we  derive  truni  the  Lnwrenee  experiments  seem 
to  indieate  that  inasmuch  as  eultivatiiiii  woulil  not  only  interfere  wilh 
the  prininry  object  nf  sewa^'e  purilicatiou.  but  furthermore,  i-annot  a^a 
rule  be  made  profitable  on  such  areas,  there  is  no  reason  why  it  should 
lie  attempted-  The  statement  nnule  by  Jlr.Chvrke.  in  1MS5,*  that  "'if  il 
is  proper  to  dedieale  land  to  use  as  a  park  for  the  pleasure  of  tin* 
public,  tliere  is  no  reason  why  it  may  not  be  deilieated  to  spwagi;  piui- 
•  Kep.rt  uf  Eliiil  l!,  Cl«tk«  tn  Hau.  Dmlii.  D.™.,  p.  1«. 


SOMMAKY. 
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ficutiuu  ia  order  tu  preserve  health,"  is  coneiderably  enforced  by  the 
new  views.     Fig.  26,  however,  illustrates  a  cultivated  filtration  field 

Pis.  37. — UBTHOit  or  Adaptino  iHTBHuivi'iiKT  Fii.tkation  Akea  t<)  GnLTi^ATion, 
BT  Hbans  of  Absobftion  Ditch&b. 

at  Luton,  England,  as  photographed  by  Mr.  Clarke,  in  1886,  and  Fig. 
■26  shows  a  similar  filtration  area  in  suction,  it  being  common  in  Eng- 
land to  adapt  filtration  areas  to  cultivation  by  means  of  absorption 


^  iJr'V ".'.?/  ',^j'J,?-!i^i  ^■i^^'ff  ^3^^^ 

*liltOrii/i  -^  ^^filt  Drain  ™  '^Sin*Orwi  < 

Pia.  S8. — Section  op  Hioii  QtiKnK  Intrkmittent  Filtration  Beds. 

ditches  like  those  shown  in  these  figares.  Fig.  27  is  designed  to  show 
the  method  of  constructing  a  high  grade  of  intermittent  filtration  beds 
with  coarse  saud  as  a  filtering  material  and  with  tile  underdrains. 


CHAPTER  SV. 


SUB-SUBFACE  IRRIOATION. 


ScB-sTTBFACE  irrigation  is  a  useful  modification  of  broad  surface  irri- 
gation applicable  to  relatively  small  quaiititit-s  of  sewag-e,  as  from 
isolated  liouses,  Iiuspitala.  prisuns,  uwvIulib  Humnier  hotels,  inatiufat-t- 
uriug  eatablisbmouts,  or  auy  other  place  without  access  to  the  sewer- 
age system  of  a  largo  tuwu.  Originally  introduced  liy  the  Eev.  Henry 
Moule,  the  invention  of  thf  automatic  tlush-tank  by  Kogers  Field 
gave  it  at  once  a  utility  that  rapidly  brought  it  into  public  uotii'e.  In 
Hpite,  however,  of  its  being  au  English  invention  it  has  probably 
been  more  fixtcnsivoly  used  in  this  country  than  there,  due  largely 
withont  doubt  to  its  early  introduction  by  Col.  Geo.  E,  Waring,  Jr., 
M.  lust.  C  E.,  and  its  persistent  advocacy  by  him,  Mr.  Thilbrick.  and 
otiier  American  sanitary  specialists.  At  present  the  teudeuoy  is  to 
use  it  less  here  than  formerly,  before  the  ease  and  certainty  with 
which  broad  surface  irrigation  and  intermittent  tiltration  can  be  uged 
in  our  climate  were  thoroughly  understood.  It  is,  nevertheless,  a  use- 
ful system  under  certain  circumstances,  and  as  such  deserves  brief  no- 
tice in  a  wort  of  this  character,  though  by  reason  of  its  having  been 
fully  described  by  others,  little  more  will  be  attempted  than  to  point 
out  the  chief  sources  of  iu format! on." 

Mr.  Olcott,  in  hia  paper.  The  Small-pipe  ITndergrouud  Intermittent 
System  of  Sewage  Disposal,  has  given  in  a  tabulated  statement  the 
detail  of  37  small  sub-surface  irrigation  systems  coustnicted  at  various 
places,  the  most  of  them  for  single  bouses  ;  he  states  that  he  has  con- 
structed about  70  similar  works  in  all.f 

*  TheM  »re  (I)  Wuring'*  Si-Ki'rBge  snil  Luiiil  Dr»in«Be,  «h«p.  Knii.,  «iib-«o,,  Thn  Dinpoal  of 
HoH«pliolii  WMtn,  p. -JST  and  (ollnwing  ;  p)  Crrhard,  'Ihf  DiBpoaal  of  HoBacl.uId  Wutt  -.  [3) 
PLiitlillpk  The  Diapin^l  of  Scwago  in  Subiirlian  R«Didc^c»,  pnlnplilet  ngiriut  ;  kli.<i  it  Tbi 
SmitHry  Ena'"™!-.  vol.  vii  (l-w:!),  |ip.  :<S»  and  -V^  :  (4)  [Mpff  I'.v  O"  E.  Oleotl.  Tup  Sni  U-piiw 
UtidT^m  mil  InT^irmitttni  SyaMin  of  Srwai;e  Diapwal.  in  11th  An.  Rept.  S.  Jcr,  St.  Ud.  {■•■Itb 
pp  7!l-H-'< ;  Hid  {?•)  m  isjior  lijt  Col,  Wurinj,   SfW^ge  Dii>|iai>l  tur  Isolated  Houwt.  id  Am.  Aieh., 

M«rch  IS.  mn. 

f  Ta)i"iatiun  iiicltid»  infurrnaLioii  In  referenoe  to  eaob  of  Uie  37  exaiii|iU>  oit«d  OH  the  loUom- 

ing  pointn : 

(1)  For  whom  «nd  vhere  oon«trucWil. 

1^1  Number  of  pBrsonH  coatribiitiTi^. 

(8]  Appfniointn  fir-c  otxt 

H)  Length  of  time  En  luo  at  ilatf!  of  makin^r  the  taUnlatiaii. 

(CJ  Aiuwcr  to  tiiii  r|uUtftion,  Li  Aj^tcm  fri.-e  float  auinaacAT 
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As  the  result  of  this  experience,  Mr.  Olcott  indorses  the  following 
views,  as  to  the  cost,  etc.,  of  sub-surface  irrigation  plants  on  a  small 
scale,  expressed  by  Dr.  J.  W.  Pinkham,  of  Montclair,  N.  J.,  in  a  paper 
before  the  New  Jersey  Sanitary  Association  in  1884,  from  which  Mr. 
Olcott's  statistics  are  chietly  quoted,  namely : 

(1)  The  first  cost  for  a  famil,T  and  bouse  of  average  size  is  abont  S200. 

(2)  The  cost  of  anauul  maiutenance  is  about  SIO  for  sncli  a  house. 

(<t)  The  ground  selected  should  be  fiee  from  shade  aud  ma;  be  either  garden  ot 
latrn. 

[i]  By  meaiiH  of  this  system  all  liquid  Renage,  from  the  smallest  direlliDg-botiBe 
or  the  largest  iuatitotion,  mav  be  effectually  disposed  of  without  nuisance  and  vitli* 
out  peril  to  health. 

(6)  This  system  should  take  the  place  of  cesspools  ia  all  suburban  and  coonby 
places  whicb  have  sufficient  ground  for  tbe  distributing  pipes. 

A  reference  to  the  several  sources  of  information  here  indicated 
will,  it  is  believed,  fui-nish  whatever  is  needed  by  any  one  thinking  of 
using'  this  system. 

(T)  Aluiret  to  tbe  qaHtioD,  Is  ill  bonos  WMte  utiifwtorily  dupowd  of? 

(8)  Amwer  to  the  qneetion,  H*Te  itoppagea  occarred  f 

(9)  Answer  to  tbe  qneation,  !■  the  »ak&g«  area  □ndeTdrained  ? 

(10)  Answer  to  the  qaestiun,  la  tbe  wuduge  mitm  nipeTfioially  di;  t 

(U)  MiMHUaDeona  etateinenti  from  tbe  putinfoiwbom  ooiutraoted,  inoludingindlTidaalopiii- 
too  M  to  ■DoocH  of  opentian,  OM. 


CHAPTER  XVI. 

the  disposal  of  manufaotubrao  wastes. 

Classification. 

The  English  Rivers  Poilutiou  Commission  gave  the  disposal  of 
miuiufiictiiriug  wastes  exteudeil  iHinaidfrsitioii  iu  their  First,  Third. 
Fourth, and  Fifth  Reports.  The  iuformatiou  there  given  is  the  basis  of 
all  the  exact  knowledge  of  the  subject  which  has  thus  far  been  ob- 
tained. TakiJig:  their  several  Reports  jis  n.  liasis,  nianufactiiring  pollu 
tions  may  be  c-lassitied  under  the  fullowiug  heads  : 

(1)  Polliitiou  by  calico  dye-works,  print-works,  and  bleach-works. 

(2)  Pollution  by  flax  steeping  and  by  linen  and  jute  bleaching  auil 
dyeing. 

(3)  Pollution  by  stareh-works. 

(4)  Pollution  by  paper  niill.i. 

(5)  Pollution  by  alcohol  ilistilleries. 

(6)  Pollution  by  sugar-retiuing  and  glQcose  works. 

(7)  Pollution  by  petroleum  refining. 

(8)  Pollution  by  woollen  works,  hat  works,  etc, 

(9)  Pollution  by  chemical  works. 

(10)  Pollution  by  tanneries. 

(11)  Pollution  by  silk-works. 

(12)  Pollution  by  collieries  aud  coal  washing. 

(13)  Pollution  by  iron  and  other  mining  operations. 

(14)  Pollution  by  iron-works,  rolling  mills,  and  other  heavy  metal- 
works. 

(15)  Pollution  by  the  cutlery  trade. 

(16)  Pollution   by  iron   aud  steel   wire,  tin-plate,  and  galvanizing 
works. 

(17)  Pollution  by  brass  foundries. 
{18)  Pollution  by  German  silver  and  electro-plate  works. 


Manufacturing  Wastes— How  Ppbified. 

It  ia  unnecessary  to  consider  in  thi.^  place  the  large  amount  of  de- 
tailed information  given  by  the  rommission  in  these  reports.  In  the 
ehapter  on  the  Pollution  of  Slviauis  we  have  already  given  some  tif 
the  main  facta  of  stream  pollution  in  this  country,  and  we  mjty  simplj' 
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fer  to  theae  reports  of  th«  Englisli   CommisBioii   as  fiimisliiiig  ii 

Tger  body  of  detailed  iuformatiou  tliaii  eiin  be  obtuiut'd  in  any  other 

place.*  TheComniiHsioii  sufrsestH  for  tlie  purification  of  limiiiifacturiug 

refuse  siib«tuiitiiillj'  the  same  treatmentu  as  are  available  for  the  pu- 

ificatioD  of  town  sewage,  naiiirly  :  Cliemit-al  preeipitatioii,  broad  irri- 

atiuii,  aud  iutcriiiittent  tiltratiou,  and  the  general  conelusiou  may 

be  drawn,  that  thf  choii-e  of  method,  in  any  given  ease,  will  depend 

■gely  npoii  speeial  ronditionw,  the  name  as    in  the  pnrifieation  o£ 

vm  sewage.     A  considerable  iinmbtir  of  large  mannfaeturing  estab- 

ishnients    in    Engliind    and    Scotland    have    eonstnieted    piiritie^vtion 

lants,  and  iu  some  casus  the  ntilization  of  the  refuse  matters  has 

■ore  than  repaid  the  cost  of  eoustrncting,  mainlaiuing,  and  operating 

e  same.t 

Kelaii™  Dasgeb  to  Health. 

As  a  general  proposition  it  may  be  stated  that  a  large  portion  of 
e  rf  fnse  of  manufacturing  processes  is  less  dangerous  to  health  than 
mostie  aewage,  wheu  turned  into  streams,  for  the  reason  that  it  does 
't  contain,  per  ne,  tlie  germs  of  infectious  diseases.  It  is  ueverLheless 
e,    that   the    refuse   of   different    mnnnfactnriug   operations    varies 

greatly  in  respect  to  |)ol]nting  qualities,  as  well  as  the  facility  with 
liichit  can  be  purified.  For  instance,  the  refuse  from  woollen  sconr- 
gs  is  frequently  large  in  amount  and  difficult  to  treat ;  the  washings 
om  foul  rags  in  paper  making  may  also  be  viewe<l  with  suspicion, 

but  the  vegetable  dyes,  acids,  and  alkalies  are  not  especially  danger- 
is  wheu  considerably  diluted.  Home  chemical  reagents,  which  occur 
refuse  from  manufactories,  may  even  act  as  preeipitants  when 
rned  into  streams,  and  in  that  way  conduce  to  a  partial  purificatii>u 
the  stream  below  the  |ioint  of  their  inflow.  This  fact,  however,  eau- 
it  be  construed  into  an  argument  in  favor  of  indiscriminate  pollutioa 
streams  by  niaimfacturing  refuse. 


ma 
I      qni 
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Again,  the  satisfactory  purification  of   manufacturing  wastes  is,  at 

many  mills,  rendered  exceedingly  difficult  on  account  of  the  large 

quantity  of  water  with  which  they  are  mixed.     In  many  cases  the  us© 

water  is  nnnecessaiily  large,  and  the  first  step  toward  the  general 

riticfttion  of  manufacturing  retusii  will  undoubtedly  be  for  the  manu- 
factorers  to  learn  to  use  less  water  and  to  separate  their  drainage  in 

ch  manner  that  water  only  slightly  fouled  by  use  may  go  back  into 

•Bee  7th  Ile|it,  Mwb.  St.  IW.  Henlth  Tor  rrnnme  o(  this  inforinfttion, 

*  For  umplt?  pUnii  nf  «it^n«vi-  pJAnta  ik-bi^ied  ftpfidiaLly  for  pdriticktiotL  <if  luuiufmcturin^ 
.  Kc  4tb  Rcpt.  of  Riv.  Pol.  Com.,  |i.  HI,  el  ttq. 
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the  stream,  while  the  more  iieriously  poUutetl  drainage  is  dischai^ed 
into  sewers,  or  puritied  by  special  uppliauces  at  the  works,  as  the  case 
may  be, 

AMBRICAK  EXAItPLES. 

Thus  far  in  this  country  lunnofactttrers  have  not,  except  in  a  few  in- 
Qce^  been  oompelleil  to  piirify  thetr  own  polluted  wastes,  and  inos- 
auch  as  few  have  undertaken  the  iiurifieatioii,  of  their  ow»  volition, 
very  little  esperieui-e  under  American  c«>nditions  has  thus  far  been 
gained.  A  few  uusatisfuctory  ease^  derivetl  from  Mr.  Clarke's  report 
to  the  Massachusetts  Drainage  Commission,  may  be  cited: 

(1)  The  Waa&knok  Mills.  ProTiileDcv,  R.  L,  mr«  unoDg  the  lugmlot  those  in  tlw 
Uaited  States  making  «\H>lIen  and  wi>rsi«<l  goods.  Until  1881  the  dirt*  water  ronll- 
ing  from  Um  diffe>r«nt  opemioiLs,  aiuonnliag  to  »boTit  400,000  gaftoaa  per  da*, 
iowad  direMtai  iaio  Vrat  mer.  Tbe  tuiIt  aiootuit  of  refnae  eoataiaed  ia  tlifa 
wtm  wcladM  aboM  fit.OOO  ponnJs  of  drteta^  100^000  ponmda  trf  Klkaii,  tJOU 
pointdt  uf  acid,  S^OOO  pounds  of  foUcr's  caitb,  and  MO.UOO  jionnd*  of  grease.  A 
dTMng  Mtd  blMdung  «oai|W7  below  htmn^t  a  Bnit  ngaiut  the  Waniknek  Omd- 
lian;  oa  ■oooont  fif  lb*  aetioas  injnrj  to  its  opentioaa  b*  tlw  poIlnliMi  of  Wetf 
rinr.  Att«r  proUaiitad  liligatkon  tba  Sapccaia  Coait  gnalcd  a  p«nnanent  injonc- 
ttoa  forbidding  ntck  poUntion.  In  tomplJaaea with  Ibis  iajaacUon  •Uempt*  Iat« 
baw  imwle  to  porifv  tba  «m±t«  waiter  befora  wiaiiniBK  it  to  enter  the  m*r.  At 
fln<  fUtiatioa  thmosh  Uod  vnu  trieJ.  Tb»  foal  Uqoid  sa«  iNUBped  on  to  a  iiact 
of  giaval^  land  n«Bi  tLi>  mills  alxxit  fortr  fe«t  abore  tba  rirer.  Ao  ana  and  a 
hallvas  pcafiankt  L>t  Biakin^  fuiroa*  toar  feet  ajsait  oa  the  snrfaco.  The  liquid 
WM  BMda  to  Aow  doriag  tba  moniag  throoeb  Ifaa  famiw*  on  4Wii'-haif  of  the  land. 
•Ad  Auias  th«  aflMaoctt  tbroagh  tbota  an  tba  other  haU  For  ahaat  tlim  weiki 
thiaprwcfgswaa  MireM»fal,aB  thcwaterfiltoad  throaghthahadaadoaaiaoMcttaB. 
Allar  tLis  tiiiM<  tb»  sariaoB  of  the  Innowa  bwMW  UdmbJ.  Ihfwater  woald  aot  aoafc 
aaav  hot  raoasb,  and  tba  pnweia  v^  ahandoari.  It  ia  alattd,  hoaertr.  thai  a 
tv-w  Jan  lalar  tha  valvr  had  dtsappoaiad,  aad  tba  fllm  of  n«tiaii  ill  which  haJ 
tihokvid  iba  RMBad  dried,  ctackad,  aad  oudad  ap,  abowiac  daa  mati  nDdenesih 
U.  Ilfepn^MathMaftttlMaialarfaLit  tbawabrhad  batn  applied  ania.  it 
«a«U  have  tttM«d  aav  aa  behn^  aad  IhefaqrMa  nwhl  hata  haaa  aoalianed  ia- 
tcnaiU^lT  br  alVotng  occaaioaal  pcrioda  mnag  whi«b  tha  ttaa  of  aodiateat  noaU 
4rt  aad  rrarfc'  WbMi  a  roasidataUa  awoaat  9t  wi1i»nal  had  aeesMalatMl.  ^tJ 
)wd  b(va  aUoawd  to  tlrr.  it  nisili  ««<aU  hava  basa  hiafcaa  aa  with  toois  aad  Ihnm 
apoa  th»  ridaea  hrtansi  tb<r  (unuvi.  Aa  tba  liqaid  Ulctad  tur  thi««  weaka  befnt* 
the  Mirihco  of  tha  KToaad  twaai«  «A^)trd.  wbe««aa  it  look  tan  Ihaa  a  a«ak  Inr  ibe 
Ifaa  of  MdJMMM  tu  drr  and  naeh,  t^m/^pmumt  pariiaaaioa  «wld  ha«a  b««a  eObetad 
IntfaawM  alAoaUathaqaaaliivof  fead.dJiiii^iatetwaphtta.ttsadaltMiMteb'- 
^ttittatiMi**.  AiMaftfaaM  th*safanai««>)aat,  aba  ataamd  the  "VpMtawBl,  at* 
»om  at  th-  >>|>iaMt  that  tlu»  MMithad  woaM  b«a  pwwad  aaarioal.     At  tba  linr 


tfaa  tbo  Arsl  »\p»riai»at  aas  tbotmht  to  ba  a  bilafw  paiiBeatipa  br  pnropitaiiaa 
«a*  aihicilvd,  and  haa  been  «ua>itt«pd  aiap^.  A  art  of  m  niaaaHtd  Iwmih  aa* 
•SMvalnl  M  the  had  pivriaanlr  aaej  far  ttnlfaA.  Tan  of  thmm  haafaa,  about 
ao  fc«t  br  t»  fee* aach.  aara  BCWHrtid  wah  faarotbanahm  ;#  laal  b;  SMi  bet 
Mch.aUW«h«r«lMtilBM.  Ahaalahial  af  tit  to  1B»<0>  ^Uadi  ia  addwl 
tothaaw^aalarat  lh^adUka«N«pai*fdW-  lUa  aMU«a  it  aads  nd^K.  Ite 
Umm  an*  hainc  ptartnariT  gn>«a>l  or  wtwa  iitifcad      Tba  aaur  Saas  ilm  m$h  ana 

^1^1      ..-^-..^X-'i^-     t-   -X.-->.    „-.     -*■>.-     1^      ..-.:..     ->■-      ^-.         l^MriMTlh* 

a»amaMai>*oaathtoathth»faaTlatjt»r<»*B*aw-naii»a|.«.  aW*lfcithwdw>»»- 
HoaHhaaplam.  Tte  tfca  *ya^  tba  im»wt*  tnm  tba  Im*  haaia  laaki  ^o«t  w  dinr 
aaibaaataraWchhavaatbawaap.^  A  d«<*d-d  Mril  tn»  Aa  baaiaa  ia  aolmi 
k  BM|K*  aaaibar,  i^d  aa  a  WMla  iha  ia«)t  v  aat  iart»fca>uiy.    Asi 
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have  proved  effective  ei.tenliere,  tbe  failure  mast  be  dneto  delects  in  the  pitutlicul 
tnanasement  of  the  proeeBs.  For  a  ivliile  after  it  wns  attempted,  aiilplinle  of 
alumina  was  used  as  a  pixHiipiiaut.  Tiie  cost  iif  tliia  (rlieuiiual,  wliii'U  amuuuMni  to 
about  J7  pet-  Jay  (or  each  UMJ.OCJO  gullona,  or  Sfi.OOU  per  jear  for  tlie  wliole  amounl 
irfotod,  van  con s id i" red  no  gi-eat  as  to  prei'liide  its  use.  'I'lio  sludge  whii^U  ia 
cleaned  (I'om  tlie  basins  is  found  to  lie  uoiuiuwtialiy  valiiL-li'ss.  It  is  waid  to  bave 
pi-oved  bouelicial  when  applied  lo  glass  in  the  nuigliborlnjud,  but  iu  j.Jiictico  it  ia 
found  that,  altbougli  it  is  given  away,  nobody  cornea  for  it  n  i-econd  time.  It  is 
tliouRlit  that  of  the  nliole  liquid  waste  5U,(100  goJIoiis  would  cumpiise  all  of  the 
water  used  in  washing  wiiol  aud  the  greater  |iarl  of  thepoDnliiig  refuse. 

(2)  A  method  of  wool  scouring  is  practised  in  the  Loriaiuiv  Mills,  Sayle.sville,  K. 
I.,  by  wliich  llio  grease  is  preserved,  and  most  ot  tho  othor  dirt  is  eliniiuiited  from 
the  wash  water  before  peniiittiiig  it  to  escajia.  The  wool  is  washed  in  a  machine 
liaving  three  bowls,  .  .  Hix  hnudted  pounds  of  wool  are  washed  at  a  limti, 
and  pass  succensively  from  bowl  I  fo  bowls  2  and  3,  Wlimi  a  new  charge  of  dirty 
wool  is  put  into  bowl  1,  the  water  previously  used  iu  Vhj«1  2  ia  ti-ansferri'd  to  bowl 
1,  that  from  3  is  put  into  2,  and  clean  water  i-^  used  only  iu  bowl  :l  Thus,  bowl  1, 
iu  wlileh  tlio  wool  is  first  washed,  always  eontaii>s  water  winch  has  been  used 
twice  b»>Fore.  and  bowl  2  tliat  which  baa  been  used  once.  The  amount  of  clean 
water  adiled  iu  bowl  it  at  each  washing  is  almut  404)  gallous.  To  this  about  27 
pounds  of  soap  are  added,  aud  a  small  quantity  of  free  lye.  Six  hundred  pounds 
of  wool  therefore  are  washed  with  about  41M)  gallons  of  water,  whicii  is  very   much 

I  than  is  coiunionly  usod  for  tho  purjiose,  atid  probably  is  as  littli>  as  will  accorn- 
tbe  work.     The  resuliini;  product  is  about  3LK)  pounds  of  clean  wool.     The 

Br  from  bowl  1  is  drawn  ofT  into  a  "cooler,"  which  is  a  pit  about  M  feet  aoroiw 
ou  top.  dug  in  the  groucd.  In  this  the  wntur  cools,  atiil  a  small  part  of  it  eva|io- 
rates  or  leaches  into  tbe  ground.  Most  of  it  flows  into  a  tank  lu  the  "  save-all  " 
house,  from  which  it  ia  pum].iiid  into  threu  amnllcr  tanks  f>>r  tr<-:ilmeut.  Theue 
latter  aie  aitout  7  feet  square  by  5  deep.  In  them  tlio  alkaline  liquid  nveives  a 
small  f[nautity  of  sulphuric  acid.  Tliis  causes  tbe  greasy  ]>ai-licles  to  separnti?  from 
the  water  and  rise  as  foain.  The  water  below  is  then  rlrawu  nlT,  and  escapes  into 
tbe  river.  It  ia  clear,  and  al>out  tho  color  of  amln'r.  It  hna  an  odor  like  Ihiit  of 
wool,  and  is  somewhat  acid.  The  greasy  gcum  is  drawn  oil'  upon  four  arliflciul  fll* 
t«r«  ot  gravel,  liaving  a  sniwrficial  area  of  about  2(K)  Bqunre  feet  eacii,  and  two  feel 
depth  of  lihcring  material.  The  scum  solidilies  si>niHwhat  upon  Ihe  flltcr.n,  and  ia 
xhovclled  into  bags,  which  are  put  between  alieef-iron  plates,  in  a  press  coulained 
in  a  light  box  which  o.ui  be  filled  with  steam.  Tbe  grease  fliiws  from  the  Imgn 
tta  nil.  aud  what  remains  in  the  bags  is  reiluced  to  '■  soot-cuke,"  The  oil  is  some- 
wliiit  turtli«r  iflined,  and  then  barrelled  for  the  nnivkel.  When  cool,  it  has  the 
oonsistein'v  of  lard  or  comuion  soap-greaso,  and  is  ot  n  rcddisli  color,  with  an  odor 
of  wool.  It  is  uied  either  for  stuffing  leather,  or  a-s  a  lubricant,  or  in  the  niun- 
nfactiiro  of  soap.  etc.  The  "  soot-cake,"  which  ia  juincipidly  dirt,  contains  :is 
it  noraes  from  the  press  about  .")0  |jer  cent,  of  moisture.  It  has  been  aimlyzi'd  by 
two  chciuist.s.  one  of  whom  reports  it  valueless,  and  the  other  as  biiving  some  ma- 
nnrial  value.  From  IH.IJOO  pounds  of  wool  there  are  ohtained  a  ton  of  grease  and 
l.'JOIJ  poll  a. Is  of  "soot-cake  "  The  cost  of  the  plant  for  extracting' Ihe.-Je.  not  in- 
cluding buildbigs,  was  S2,.')(X).  The  process  has  only  recently  liei-n  put  iu  ojK-ra- 
lion,  but  is  thought  to  Ite  remunpralive, 

(3)  Two  mills  in  Mlllbury,  Mass..  each  scouiing  nlioul  l.nOO  pounds  jM-r  day  of 
wool  in  the  grease,  retain  the  first  scour,  which  is  supposed   to  contain   about   five- 

ths  of  the  dirt,  thus  lessening  in  that  ]>roportion  the  pollution  which  they  other- 
le  would  cau'ie  lo   tho  river.     The  first   scour   ia   retained  in   vats,   which  are 
wied  periodically,  and  their  contents  used  aa  a   fertilizer.     In  these  two  cases 
the  process  is  thought  to  be  a  paying  one. 

(i\  The  woollen  milla  of  Itobert  llleiikie  &  Ci>,.  at  Hyde  Park.  Mass.,  employ 
about  275  operailves,  .Ml  rofu-e  from  closets,  wool  sconriug,  and  dyeing  goes  iiiio 
a  settling  basin,  from  whicli  ihe  effluent  goes  into  the  stream,  .About  .t,0<)0  lbs.  of 
wool  are  scoured  daily  with  aliint  40  lbs.  of  soda  ash,  and  are  dyed  ehiefly  with 
ground  dyewoods.  The  wool  slirinka  in  cleansing  from  50  to  (JO  per  cent,,  so  that 
the  refiiso  Anioaats  to  over  1,500  lbs,  daily.     The  settling  basin  throneh  whirh  the 
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waale  water  flotrs.  as  showu  bv  tli«  accompanTing  cnt,  Fig.  29,  (H>naL<it9  of  a  e«- 
nieDt«d  stmclure  80  Iee(  loiig  by  10  Teet  wiile  nnJ  '.S:  5  feet  deep.  A  laiiie  amonnt 
of  solid  refuse  is  intercepted  by  lliis.  tlie  lii>avii-r  portions  lK*iug  relaiucd  iu  lias 
bottom  of  tlie  basio,  and  tUe  greasy  scam  floatiii)i  uu  top.  The  efflacut.  liowerer, 
IB  still  Tery  dirty.     Tiie  proprietor  cleans  ont  tbe  basin  at  interraU,  bmI  IUM  iti 


Pro.  89.— SERLixfl  Babias  at  Wooli.s?!-  Mii.ia  Htbb  Pahk.  Has). 

contents  to  fertilise  his  land.     He  estimates  its  valoe  for  Uiis  purpose  at  asTMal 
hnndrpil  dollars  per  year. 

(o)  Next  to  tlie  pollution  caused  by  wool  sashing,  the  refase  from  tMUMiiM 
seems  lo  i-aiise  tlif  moat  tronble.  There  are  rery  few  emsea  in  wbieb  attenpta  h»»« 
been  niude  to  ]iiirify  tbis  refuse.  Tbe  draiu&ge  from  a  tannery  tan  )>e  clarified 
clieuiiciiliy  by  ilie  ase  of  suits  of  iron,  someliiut'^  in  conjnnettOTi  uiih  litne,  ma  fff' 
cjpitanls.  .\t  o:ie  |>lai-<.'  abii'b  I  visited  iu  £Dg:Ui»1.  »  little  sulpLale  of  iron  «nw 
BrU  added  to  the  diaiuai^,  uniting  nith  lb<>  tan  in  forming  lannate  of  imD,  whieti 
was  afterwards  iireclpitated  by  the  addition  of  linie-watet  from  tbe  line-vats.  The 
liquid,  which  was  nearly  colorless,  was  then  filtered  ihnmgb  gnreL    Wlwn  Um 


Pto.  80.  — Mwm A wiCAi,  PtLTCM  at  Taxkut,  WcrcnnrxK.  1Iaw>. 


Sntor  oontains  ■  pMt  deal  ot  tan  bari.  It  pn>h«bty  woalA  W  tu-et^tarr  tn  iateraapt 
Ihis  ID  aooM  ««r  befora  |HlTJ<Vin|t  the  water  by  iBtcnoittent  fillntio«i.  be«Mlw  otbor- 
wise  Ibe  bark  woald  dog  IIh'  surfaiw  of  tlM>  erninil  At  Mai«.ir.  taaii^tr,  Ja 
WJndMsler.  a  tnecliaBMal  Oiler,  Hu.  3U,  lo  strain  oai  tbi-  bark  acd  i-.>«r<#  ltBM<,  W 
lately  tl^^>  l****"  P"*  <^  *"^  ''^''"  <^<^'^si«  of  a  wm>d«B  bos.  »l.>ai  4  fMt  with-,  3 
fM(  dMp.  wd  n>  tw*  toac.  This  is  >iiTia««1  into  eoniartacota  wUdt  arv  filbJ 
with  hay,  llirt>B|i;h  which  Um  water  IUl«rs-  Tha  •Oiietd  eMwnlly  to  ^mt,  bnt  ot 
adaop  niabos*ny  mlor. 
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A  Stddy  of  Paper-Mill  Waotes. 

In  1885,  ProfeBsor  "VV'iu.  Ripley  Nichols  examined,  at  the  request  of 
Mr.  CUrke,  a  number  of  samples  (eight  in  all)  of  the  waste  material 
from  the  paper-mill  of  Messrs.  V.  F.  Crehore  &  Sou,  situated  at  New- 
ton Lower  Falls,  Massachusetts.  At  this  mill  domestic  ragfs  and  tarred 
hemp  junk  are  made  into  card  and  press  paper  for  mills.  The  stock  is 
first  cut  and  dusted,  which  removes  part  of  the  waste  iu  a  dry  state ;  it 
in  then  boiled  with  lime  to  saponify  the  dirt,  and  bleach  out  the  color. 
The  waste  water  from  this  process  is  called  bleach  liquor.  The  stock 
is  then  washed  in  a  paper  engine,  where  it  is  passed  under  a  heavy  roller 
with  steel  blades,  acting  against  a  bed-plate  also  set  with  steel  blades, 
tile  whole  so  arranged  as  not  to  cut  the  stock  but  merely  to  separate 
the  fibres.  A  constant  stream  of  water  passes  through  the  paper  en- 
gine for  an  hour  or  more.  The  effluent,  which  is  called  wash-water,  at 
first  looks  very  dirty  as  it  leaves  the  engine,  but  toward  the  end  of  the 
operation  it  appears  to  flow  uway  clean.  Sand-boiLes  in  the  bottoms  of 
the  washing  engines  receive  the  heavier  particles,  such  as  sand,  dirt, 
buttons  etc.,  removed  from  the  stock. 

The  samples  submitted  to  Professor  Nichols,  comprised :  (1),  solid 
refuse  from  the  "  sand-boxes ;  "  (2),  samples  of  "bleach-liquors;"  (3), 
samples  of  "  wash-waters."  The  following  is  from  Professor  Nichols' 
report : 

The  details  of  the  examination  of  the  Tariotia  asmplea  and  Buoh  teoommendations 
OK  I  am  able  to  make  are  aa  follows  : 

1.   UATZRUI^  FROU  aiND-BOIES. 

The  dirt  from  the  "ra^s"  sand-boi,  after  draiDiDR  off  the  liqnid,  weighed  252 
Krarameii  while  wet,  and  98  grammes  when  di^.  In  balk,  it  vas  mainir  fibre;  bv 
weight,  (he  lai-ger  part  vaa  sand,  buttons,  metallio  hooks,  pina,  paper-fasteners,  wile, 
etc.     Expressed  in  per  cents,  we  hare  : 

IVr  cfltit. 

Water 61 

Buttons  and  other  faeavf  dirt 24 

Fibre  and  light  dirt 15 

100 

CUcnlating  on  the  drj  material  we  have ; 

P«r  ant. 

Buttons  and  heavv  dirt 61 

Fibre  and  light  dirt 88 

100 

The  fibre  and  light  dirt  bnnied  readily,  leaving  about  half  its  weight  of  ub,  or 
more  exactly  we  have  : 

Volatile  and  combustible  matter 47.72 

Ash 52.28 

100.00 


800 
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Per  ocBt. 

The  "  fibre  atid  light  dirt "  contained  Matter  soluble  in 

etber    1.29 

Mattei'  soluble  in  etber  after  treatment  with  hj-droehloric 

aoid 5.80 

PliospUoiii;  acjd 0.37 

NilioyeQ  , ,..,       0.69 

Potaali,  not  determined. 

In  my  opinion  there  is  not  gvHHHe  euongh  to  pay  to  exti'act,  or  feiiilJEing  matter 
enongh  to  ^ivu  u  comniei  cial  vulne  to  tlte  materiul  as  iiiannre.  There  is,  however. 
no  reason  why  il  shoiiU  he  dischnrged  into  the  stream.  If  removed  from  lliesund- 
boxen  and  dried,  eillift'  liy  wAHie  heat,  if  iiny  is  available,  or  by  exposure  lo  the  air, 
it  can  then  be  burned  noder  the  boileia.  This  is,  iu  luy  opiuioo,  the  best  diiipo«i- 
tion  til  make  of  it.  It  would,  no  doubt,  bo  better  to  arjanRe  for  the  »ettliDg  of  thu 
heavier  [xirtioii,  eoutainiiis  bits  of  metal,  elc.,  and  dry  and  bum  only  tlie  ligbtor 

Kitiun.      The  heavier  pmiion  could  be  simply  mixed  with  the  ashes  of  the  eatab- 
hmeut  without  harm  and  he  disposed  of  with  tliem. 

3.    MATBRlACi   PBOH   THK    "  BOPR  "   8AM>-BOXB8. 

The  sampTe  reeeiveil  weighed  wet  67  ^lammeH.  dir  13  giammes.  'Wben  dry  il 
burned  readily,  leaving  less  tlion  half  its  weight  of  asia.     We  have,  then, 

Per  ««it. 

Water 81 

Dry  fibre  and  dirt 19 

100 
The  dry  fibre,  etc.,  consisted  of: 

Per  <mt. 

Volatile  and  i"ouibuslible  matter fi3,6 

Asb 36,4 

100.0 

Ether  extracted  18.67  i>er  cent,  of  a  tarty  matter  wlijoh  burned  with  a  smoky 
flame.     The  fibre  eonlaiued  : 

Wr  wnt. 

Phosphoric  acid 0.4^ 

Nitrogen , 0.10 

Tbe  bent  dinpoxitioii  Ihnt  can  be  mside  of  this  material  is  the  same  as  that  siig- 
gOBted  in  the  previous  ca.se. 

3.   DiiEArH-uqimB  Pnou  THE  K.io  ikhlbrs. 

This  was  a  frothy,  darl:.eoh>red,  turbid,  slrim^ly  tilk:diuo  liipltd  contaminfr  a 
large  proportional  amoniil  of  orRanic  mallor,  The  results  of  n  pnriia]  (■xivmicinlion 
apjiear  in  the  table.  If  this  jiijiiid  liiid  In  lie  dis|Mispil  of  by  itself,  the  best  melhiHl 
would  proliably  be  to  evaporatf  it  under  the  t;i"Oti'-bar>  or  in  stime  other  way  by 
waste  heat  it  jiossible.  It  would  (five  iib-iiit  S  or  II)  jter  crnt,  of  ils  weight  of  « 
Ibiek  ayrnp,  which  couhl  lh>m  be  burned,  and  by  il.>  buniinn  return  part  of  the 
heat  required  to  evuporule  it.  As,  however,  the  f:i'»il  porlinns  of  Ihe  wuHh-water  bto 
unfit  to  dini'liargii  into  the  slreuin.  it  w*onM  pr'ibnbly  lie  better  to  mix  all  tbe 
Utjuors  together  for  treatment. 


4.    BLBAOR-U^DOB   PRON    HOPK. 

This  resembles  the  iirevious  xaniple  in  general  respects  and  might  lio  trcftlad  j 


similartv. 


5.    6,    7.    K.    WASH-WATER   PtUiV    HAOtt    A!n>   VtlCtV    fK>PB. 


Samples   't  (rags)  and  fi  (rii]>e)  were  talion  10  minnle.s  after  wa^hinK  boguu,  »nil 
•amples  7  (rags)  and  8  (ropei,  after  'i  hmii's.     The  latter,  ull hough  turbid  and  uniu- 
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TitiDg  to  the  eye,  mifjht  be  disci largttd  iuto  tlie  Htreniu  ufter  u  fiimple  piuoexs  of 
fiUeiiiig  tlii'ongii  Baml  or  Hand  tiiid  K''^^^'-  '^''>c  Hrtt  portiuns  uf  tbti  wasU-nntcir 
uri),  liowevt'i',  loo  foul  to  ba  thus  lihcliargeil.  I  Iiave  made  a  minibev  uf  oxped- 
nieutii  uiili  viii'iouH  clit^uiical  iii'feitiituut)^-,  with  tite  atrouger  liquora  very  littfa 
HatiafoutJuii  n'ds  obtaiuf  d.  Witli  the  weaker  liquors,  ur  with  u  mixture  of  the  strotig 
uud  Wfuk  togfrlhcr.  better  results  were  obtiiined,  but  the  nietlmd  would  be  ex]*u- 
Bive  und  the  ellluBiit  ought  uol  to  go  into  u  streftui  used  for  wfttci-Biipply.     In  mj 

TABI.K   So.    07. — BXAMINATION    01^    VlUIOI  S    SA.MPI.lfa   0]f   UBFUaS    FILOM    CRBHUaK'B 

Pai'kr  Mill. 

(FirtB  pet  lUU.aUU.) 


It«M. 

iihltllLyp  fiuiu  iILfl.  . ..... 

RI«w;h-Jii|iiMr ....,,,.... 

Wsfti-WKlf T  af Ut  lOmtniirb.. 
Wnib'WiiUr  uIlct  'J  huun.... 

ttOPl. 

UrBflllnff*  fft'TI^  dlit ..,. 

lllcA'.'h-Jkqiior  .....,,,....   , .. 

\Vv^i-v.4U'r  urivr  It!  mlqala. . 

I  t^Juh-ihUAr  ■fioT  a  houim  .... 


73W.0 

M7.B 

1B.5 


Btas.o 

8S.U 


Volallln. 


9.0 


Attcr  flilcrtnit 


TdUI 

TDlatlh. 

TKt.U 

rw.o 

11.0 

iiia.o 

BM.U 

is.u 

■I.S 

ItD.B 
OB 

13,0 
ITS.O 

n.u 
o.a 


9N.0 


(11 .0 


opinion,  the  best  waj  of  disposing  of  these  liqnms  is  bv  "  inferniittent  donnirard 
filtration,"  throiij^h  a  auiBeient  amount  of  lund.  Judging  fi-oui  the  publisljed 
eiperience  in  ntliei'  places  this  would  be  quitii  pittetienbte,  but  I  do  not  fe*el  n'hiiUj 
turo  of  the  success  willi  the  bleach -liquor  from  the  ropes,  oh  the  organic  matter 
therein  coutninL>d  is  not  as  readily  oxidi/ed  as  is  that  from  the  mgw.  Ex]ierience 
might  bIiow  that  a  larger  arau  of  land  was  ueoessary  if  this  liquid  wore  mixed  with 
the  rest  than  is  usually  required,  but  I  think  it  would  be  better  to  evaporate  Ibis 
liquid  as  iiidicaled  above.  The  amount  of  heat  required  would  not  be  Rieat.  I 
do  not  possBHB  neenrato  information  iw  to  the  amounts  of  Ibe  various  liipiids  of 
which  samples  were  seut  to  uio  :  but  1  assumed,  on  the  strength  of  rough  estimates 
which  you  gave  me,  that  the  daily  discharge  is  approximately  made  up  of : 

700  gallons  of  bleach-liquor ,  (Rags.) 

"00       "        "       "  ■'     (Rope.) 

60,000       "        "  wash-water 6 

60.000       "         "      "         ■'     B 

160,000       ■'         "      "         "      7 

160,000        "         "       ■'  ■'      8 

Aflci'  the  .samples  hail  been  in  mj  labomtorv  for  more  than  two  weeks,  and  hod, 
I  eonsequ'.-ntly  undei'h'one  aomn  chemical  change,  I  made  n  mixture  in  tlii.s  pvopor- 
ition  and  had  it  aiialyited  with  tLe  results  which  follow,  and  which  represent, 
I  upprojimately,"  the  chamcter  of  the  proHeut  discharge : 

Total  solids  in  solution. 120.  parts  in  100,000 

Organic  and  volatile  uiatter, ftO.  "       "         " 

Inoi'iranic  matter 40.  ■'       "          " 

.Solid"  ill  suspension 74.  "       "         '■ 

Orgaiiir  and  volatile 80.  "        "         " 

Inorganic.   44.  "       •'         ■' 

•  ASALTTlctL  NriTlf  — Tlinne  roeiilta  of  analysfi  vsry  •omewhnt  frcim  thnsp  cmlniilnti'il  from 
^blo  A7,  iDainly  lirr^^Fiiie  the  lii|iiorH  htil  anderi^iinc  noini?  4-liuMKe  'iifv  tlit  lir>t  i^cltTniiiuhtloiki 
irrre  moAe,  but  partly  becaUHfi,  !□  tiiiiiidd  of  tliis  ci%itt)uiter  tirO  ,  i^untAiiiiriif  umiJitic:  timi?].  uiji«<  ut 
Uw  dttctitiiiuiCiDiu,  auiiti  <u  tiiAt  of  Cne  totkl  H)iJi>.  du  tiut  liave  a  I'igh  d«|{re«  »E  acoiintvy. 
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AlkalinitT  as  lime 25.1  parts  in  100,000 

Aniiiioiiiu 0,833  "       "         " 

AlbnminoiU  ammouift 3.050  "       '• 

Total  oi-gauic  oitrogen S.3&3  "       "         " 

tn  tUe  abauiice  of  utore  definite  knowledge  of  tbe  compoaitioD  which  the  united 
waste  liquiilN  noulil  have,  and  in  the  absence  of  knowledgu  as  to  tbe  hind  which 
uaj  be  available,  it  is  impossible  to  entiutate  accm-atelj  the  amonnt  of  land  required 
tor  treating  tlie  liquid.  Of  land  favorable  for  the  porpone,  pethaps  some  three  or 
four  acres  would  be  requii'ed.  The  liquid  is  rather  alkaline  to  be  used  for  irriga- 
tion, but  if  exiKJsed  to  the  air  wonld  lose  some  of  its  alkalinitv,  or  if  there  were  acid 
refuse  from  some  other  establishment  which  conld  be  miied  with  it,  it  wotild  be 
an  advantage.  To  neutraiize  400,000  gallons  of  a  mixture  snch  as  described  above 
would  require  1,500  lbs.  of  oil  of  vitriol.  A  portion  of  the  organic  matter  would 
then  settle  out  as  sludge  (whicb  could  be  filtered  ofi^  dried,  and  bamed),  bnt  the 
lime  would  go  into  the  effluent  as  sulphate  of  lime,  which  wonld  be  of  disadvan- 
tage to  the  stream  as  a  source  of  watersupplj. 

Table  No.  6S.— Exuhijation  or  Various  Sahpi.bs  of  Brfd8E  fbom  Cbbbobk'b 

Papek  Mill. 

(FonndB  to  I.VOO  gBlloni,) 


ROPE, 

l>raiiilhe:p  from  din. -- ... 

Bii'Brh-Mqiior ...... 

AVHHh  vai^r  nftpr  h*  minute*  . 
Wasb.VBIer  ■■(«■  tt  hour*..... 


IlDfllured. 


Raoi. 

l>mintnRB  from  dirt. ......  . 

Tll(«oh. liquor........   ......... 

WHr-h-wmitM-  iiftiT  10  minutae .. 
Wufh-WBtCT  4rivr  ^J  hijilrs 


Totnl 


uii.a 

41. tl 
U.llft 


41.1 
3.1 


Volstlle, 


419,  r. 


*.S 


AttPT  nitorlng 
IhixHiKb  p*i  ^■ 


•allds. 


KM. 3 


vn.it 
i.s 


0.47 

4tg.o 
"oiia  I 


;:a 


B  t 

na.E 

10  1 

I.I 

14  s 
4.8 
O.T 


ao.o 


4.1 
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CHAPTER  XVn. 

ON  THE  TEMl'EBATUKE  OP  THE  AIR  AND  OF  NATURAL  SOILS.  AND 
ITS  RELATION  TO  SEWAGE  PURIFICATION  BY  BROAD  IRRIGA. 
TION  AND  INTERMITTENT  FILTRATION. 

Empiiiical  Tendency  uf  Esuush  I'iiaitice  in  Sewage  DiHroaAL. 

Is  examining  the  Tohiminous  literature  of  sewage  purificatiou  by 
broad  irn^atiou  iiiitl  intermittent  filtriitiuu  iu  Eu^himl,  oue  is  forcibly 
Htrnck  with  tlic  purely  ompirical  temleucy  of  (.■urroiit  praetice  there, 
juid.  iu  so  far  iis  this  tomUuic-y  hits  kept  the  developmt?iit  of  this 
branch  of  sewage  purification  iu  the  line  of  well -ascertained  obaL-rva- 
tioii  and  cxporieuee,  it  is  by  no  means  to  be  deplored  i  because  there 
is  in  the  heg'inniiig  of  all  new  seieneea  or  arts  a  penod  when  couaerva- 
tive  empiricism  is  in  reality  the  hif^hest  form  of  knowledge  put  in 
order,  that  is  to  say.  such  empiricism  is  iu  reality  the  position  of  the 
true  scieulist.  Li  the  course  uf  time,  however,  as  the  body  of  well -as- 
certained fact  becomes  greater,  theory  and  deduction  may  pro|ji'rly 
come  iu  as  legitimate  tools  in  the  hands  of  tliose  who  are  intfrosteil 
in  the  seieatilic  iuveatigation  of  problems  in  physics,  and  it  is  in  this 
liitter  view  that  the  following  chapter  is  submitted  for  comment  and 
criticism. 

Information  still  LAOsiNa. 

The  experiments  of  the  Massachusetts  State  Board  of  Health  have 
extended  our  knowledge  of  the  kind  of  material  best  suited  for  sewage 
purification  by  filtration  throiigh  soils  considerably  beyond  what  was 
previously  known.  Indeed,  so  extensive  is  the  advance  that  we  are 
able  to  predict  results,  as  noted  in  a  previous  chapter,  to  this  extent 
that,  with  a  given  material,  we  can  say  before hauil  approximately  what 
degree  of  purity  will  be  attained  for  a  given  (piantity  of  sewage  ap- 
plied per  unit  of  area.  "We  still  lack  definite  information  as  to  the 
extreme  conditions  of  climate  uuder  which  purification  by  broad  irri- 

>tioQ  and  intermittent  filtration  may  be  effected,  though  the  results 
recorded  in  the  Twenty-third  Annual  Report  of  the  Massachu setts 
State  Board  of  Health,  and  given  iu  Chapter  XIV.,  help  out  some- 
what; and  it  is  with  a  view  of  still  furthet  supplying  the  deficiency 
that  the  information  embodied  in  the  following  has  been  got  to-j 
fi^tber. 
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The  Massachusetts  experiments  have  demoDstrated,  moreover,  tiiol 
uiid^r  proper  L'oii<litiona  the  uitriHcaliou  of  sewage  vdU  proceed  dar- 
ing eold  weather,  although  not  as  rapidly  as  in  warm  weather.*  Tbi- 
detail  of  what  can  1>e  actually  accomplished  in  this  particular  is  given, 
as  ve  have  seen,  in  the  Special  Massachusetts  Report,  and  in  the  A&- 
onal  Report  for  1891,  already  referred  to. 


TEMrERATlTtiS  OP   AlR   A\D  SeWAOE    AT    LaWBESCK. 

Id  order  to  illustrate  the  question  of  temperatnri-s  at  Lawrence, 
where  the  experiments  have  been  carried  on,  Tables  Xos.  69  utd  70^ 
derivei!  from  the  Special  Report,  are  given.     The  winter  of  1887-88. 
when  the  mean  temtierature  for  Jiuiuary  was  15.46°.  is  stated  to  bavejl 
been  the  coldest  in  20  years.     It  was  found  necessary,  because.ot  thai 
low  temperature  at  which  the  sewage  arrived  at  the  expeiimeni  st&<| 
tion,  to  warm  it  br  passing  a  hot  water-pipe  throuirh  the  measuring] 
tank.     In  reference  to  this  it  may  be  noted  as  a  very  important  point 

Tamlm  No.  60.— Mkak    HAxiMim.    Hkab  HtsiNVM,  ard  Meas  TRxPERATma  or 

JUK  at   LlWREXCK,  PkUU    NOVEMBKK  TO  MAKCH,    IsCLrflVK,  Dt'KUie   TBB    WlX- 

Txaa  or  1887-S8  akd  IS88-i«. 


M»« 


■  Si 


Wmm. 

MaiiBsi. 

»i.n 

mn 

an 

4UB 

tlJ« 


am 


IB  tli«  ftiscnstiioti  U>»l  Uie  winter  tempemture  of  the  sewage  was  coo- 
siderably  reduced  by  reason  of  the  pipe  conveyiog  it  from  the  sewer 
to  tho  cxjieriment  station  pa-'sning  along  the  lie<]  of  the'Merrimac  rivirr 
for  nearly  half  a  mile.  The  diffen^Dv^  cause<i  thereby  ts  shown  in 
Tkble  No.  7a 

In  reference  to  Table  No.  TO  it  may  be  stated  that  for  the  parpiise  otj 
rompariug  temperature  lit  eOtueui  with  tb«  temperatnrv  of  eewa^  Um' 
effluent  frv>m  Tank  No.  1  has  be«n  selected.  This  tank  ia  composed  a( 
a  filtrriiig  mulerialof  9,000  gallotts  of  rleaii,  coarse  mortar  aand  of  ema 
fmtin,iu  which  the  voids  were  foutHi  to  equal  36  per  cent,  of  the  wbnte. 
Wlieu  siitumU'.)  with  water  and  allowwl  to  drain  there  remntne<l  12 
per  ceaU  of  the  total  volume,  whieh  w«s  filled  with  water,  and  2i  pur 
eeni.  containiiur  nir,  the  sand  oecnpying  U  [wr  cent,  of  the  total  «{»ace. 

Am  sbowo  in  Talile  Vv  TO  lite  mean  tetapMaitare  o(  the  aewage, 

-  n  I    I  I  II  I    1  ■(  wtatn- pnMmMv  ta  *4ika,  r>fH  Wl>ifct   XIT..  Aniife  Ml  Tk  I 
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Table  No.  70.— Maximitm,  Minimum,  ash  Mean  Tbmpcuatuheb  im  Main  Sewkb 

AT   LaWKENCE,    the  same  Kim    WKWAdK   A»  IJEl.lVEREn  Til  Fri.TER  Taskk  -VND 

Kon  Epfluknt  i^kom  Tamk  No.  I,   fhom  Januahv.  1888,  to  April,  IW8,  in- 

(Pnhnntwlt  •-) 


Tflmpenturs  Ir 
HsivBr, 

nnUn 
Ugu. 

Tvmpentiini  of  mi#)ik4  ti» 
dolkveroil  Eu  filler  tank. 

TsmpaniRira  of  cflliuiit 
fnn.  Twik  Ho.  1. 

Mu. 

Uln. 

Uu. 

Mia. 

Haul. 

Hu. 

Uln. 

Unn. 

lEsa. 

44 

ai 
a 

61 
AK 
SB 

n 

M 

n 

48 
47 

M 
U 

Bl 
B7 

ni 

M> 

tii 
.M 

BH 
4fi 

44 

4^ 
4IJ 
45 

4ft. S 
41.1 
4U.5 
47. i 
BUS 
3H4 
(W.7 

II  1 

III  % 

m-i 

BIO 
4H.B 

■IS  .a 

44  1 
4HS 

ST 
KM 
Wt 
4« 

BT 
7» 

7a 

74 
71 

la 

NI 
46 

4S 
4S 
44 
&3 

M 
3B 

51t 

W 

4fi 

» 
'A 
l» 
K 
4B 

41 

44 
44 

M 

US 

17  Ot 

Sl.n 

W  11 

m  B 

71   I 
64. t 
4?  .ft 

4it  a 

44.1 

44  T 
44. S 
an  ft 
40  1 

« 
4> 
« 

^7 
w 

T4 

7E 
74 
Bl 
M 
44 

41 

no 

41 

3B 
8S 
Its 
4U 
47 
BH 
IS 
Tl 

ni 

BI 
43 

39 

SS 
St 

w 

4U 

so  .7 

Mmlirr  .,,,.,-.,,„,_....-^ 

J»7 

an  .ft 

4£  a 

ti  0 

64  1 

71  U 

7!|.S 

118,4 

iee». 

BS.I 
411  1 
44.1 

SB,* 

U.T 

*  Tli^  mnxlmn  nnd  mlnimA  Df  Lhis  tiibln  mn?  not  tniff  Rinilnia  unit  niililmiL  Itti  (tcri^ril  Iruin  ntniiiniiirn  And 
mlhlhiqiEi  irLtrinonie(i<rB,  [hc>  tu^  m^TdL.)'  thi-  hlglh^T  nnil  liawcur  il^Mlr  rpulihvp,  us  uahrn  Truiii  llie  EiujeiUiIoilb  In 
tho  Specxftl  Itrpvrt.  t  SBWdgu  wbrioott  ftrtlQLlnlljf, 

applied  to  the  filtere  iu  Januaiy,  1888,  was  over  11°  below  that  of  the 
sewage  in  the  miiiti  newer.  In  the  winter  of  1888-89  sewage  was  ap- 
plied at  a  temperature  of  about  45°,  whii-h  was  but  little  below  the 
temperature  of  the  maiu  sewer,  except  in  March,  ■when  the  tempera- 
tore  of  the  applied  sewage  ranged  from  44°  to  33",  with  a  mean  of  36.6°. 
The  mean  tempenitiire  of  the  air  for  February  of  this  year  was  22.3°, 
as  shown  iu  Tabic  No,  C9, 

Without  going  into  an  elaborate  analysis  of  the  winter  results  of 
the  Lawreuce  experiments  it  will  be  sufKcient  for  present  purposes  to 
state : 

(1)  That  in  winters  of  the  mean  temperatures  nf  those  of  1887-88  and 
1888-8tl.  at  Lawrence,  sewage  ran  be  no  far  purified  by  intermittent  fil- 
tration through  sand,  that  probably  40  to  50  per  cent,  of  the  nitrogen 
applied  in  the  sewage  will  be  reduced  to  nitratcK  in  the  effluent. 

(2)  That  to  acoonipliah  this,  the  sewage  needs  to  be  applied  at  about 
the  temperature  42°  to  45",  which  may  be  taken  as  the  mean  winter 
temperature  in  main  sewers,  although  in  manufiuturing  quartern, 
where  hot  waste  liquids  and  condensed  steam  are  admitted  into  the 
aewei-s,  the  temperature  of  the  sewage  may  be  even  much  higher.J 

t  Beo  Mr.  Gmy'ii  Providence  Repor'.  for  tflTip-MturB  in  fwen  of  P»ria,  when!  diicinK  an  ei- 
iTpmclv  Bohl  Dceembi-r  in  1S7H  ihe  mean  temppTAtnT-*  of  t.h-  s^wngu  wan  4;l°.  witii  a  nii^an  tompcrm- 
lliTB  of  tlie  tir  HE  llie  taine  time  nf  I  \'-°.  and  if  walJT  of  Ih"  Hi'jno  of  3';". 

In  ■nother  c»«e  whr^re  a  mam  P&ris  ■'*wr-T  reci^WoA  tSc  m-wos^  nf  it  m&Dufaotunog  qiuutor,  tho 
vintei  (emperitiiru  of  the  Kwogc  wiu  muntained  at  !>3.li'  U)  62.U°. 
20 
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(3)  The  complete  nitrificatiou  of  50  pei'  cent,  of  the  organic  matt«i 
represeiita  more  thoii  50  per  ceut.  purili cation. 


CoMPAWSoN  OF  Am  Tempehatubeb  at  a  Ncmbeb  of  Places. 

Thus  fill-  we  lia\e  comparatively  little  experience  in  tliis  country  in 
the  winti^r  piiriticatioii  of  sewage  by  either  bi-oiid  irrigation  or  iutei- 
niittcnt  filtration  on  a  large  scale.  We  may,  however,  compare  the  mesii 
temp  era  til  ri-H  at  a  uuiuher  of  places  wliere  meteorolos'iciil  records  have 
been  kept,  viith  the  recortla  of  phicea  abroad  where  winter  purification 
han  procc<lcd  without  interruption  from  fa'OBt.  Table  No.  71,  foUowiug, 
given  a  uuiuber  of  Kuch  records. 

The  cohinni  State  of  Michigan  iu  Table  No.  71  inny  be  taken  a* 
rcprcBentiug  the  apprnximatc  mean  climate  of  that  State.  It  is  intro- 
duced for  tile  purpose  of  sliowiup:  what  may  be  cKpccted  in  a  typical 
region  in  the  northern  part  of  the  I'uited  Htate».  The  mean  tempera- 
tiircH  Itere  given  are  tnmi  a  table  at  jiage  17  of  the  IGtli  .Annual  Re- 
port of  the  Michigan  State  Board  of  Health,  the  station.'^  repreweuted 
being  in  all  parts  of  the  State,  from  Marquette  and  E-scaiiaba  at  the 
North  to  Detroit,  Ann  Arbor,  and  Hillsdale  at  the  H<mtli.  The  mean 
winter  temperatures  at  Marquette  are,  however,  much  lower  than  the 
means  aa  here  given,  and  before  desisruing  sewage  disposal  by  broatl 
irrigatiim  or  intermittent  filtration  at  a  point  as  far  north  aa  Marquette, 
one  would  need  more  definite  information  in  relation  to  local  winter 
temperatures  than  is  afforded  by  Table  No.  71. 

Tablk  No.  71. — Mean  Monthly   Wintkh  Tehpehatchks  at  the    Places   mm- 

CATBU  IN   ECaOI-B  AND  mB  Umtei)  t^rATKS. 
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In  order  to  illuBtrate  the  preceding  remarlc.  and  also  to  shov  the 
range  of  the  mean  in  a  single  State,  Table  No.  72  has  been  jirepared. 

The  range  in  latitude  of  places  in  Table  No.  72  is  from  ■16°34' 
North  at  Marrjuette,  to  42°17'  North  at  Ann  Arbor,  a  total  range  of 
4°17'.     The  lowest  mean   temperature  for  any  month   is  lonnd  at 
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'i'ABhu.  No,  7a. — Maxim<th.  Minimum,  and  Mean  Tejii-ehatvhes  von  tiir  Wintkr 
Months  of  lS60-a7  at  sEvEnAL  Places  in  the  State  of  Micuigan. 
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£Bcaiiaba  in  latitnde  i5''iS'  North,  for  the  month  of  Januarj';  the 
higrhtiut  mean  for  the  auxae  month  beiug  23.6°  at  Detroit  in  latitude 
■42°20'.  The  elevations  above  tide-water  range  from  930  feet  at  Ann 
Arbor  to  585  at  Detroit;  Lansing  is  900  feet,  Marquette  6il;  while 
Ki^caiiaba,  Mackinaw  city,  Traverse  city,  and  Grand  Haven  are  all  a 
trifle  less  than  600  feet.  The  highest  point  at  whic-h  a  series  of  meteor- 
ological observations  are  recorded  in  Michigan  is  Reed  city,  in  lati- 
tude 43''44'  and  1,016  feet  al>ove  tide,  where  iu  January,  1886,  the  mean 
temperature  was  17.4",  with  the  maximum  of  44°  and  miainium  of  — 18° 
for  the  same  month. 

A  numlier  of  the  other  States  have  organized  meteorological  depart- 
nientH  iu  which  the  Ktate  meteorology  is  treated  aoraewliat  more  in  de- 
tail than  by  the  United  States  Weather  Bureau,  and  information  of  the 
kind  indicated  in  the  foregoing  aa  likely  to  be  of  nse  in  deciding  ques- 
tions of  sewage  disposal  may  be  in  most  cases  easily  obtained.  By 
way  of  illustrating  the  elimatology  of  one  of  the  more  southerly  States, 
the  means  of  the  winter  temperatures  at  a  large  number  of  places  in 
tlie  State  of  AJabama  are  also  tabulated  in  Table  No.  71.  Tlie  details 
of  the  observations  at  a  few  of  the  stations  in  that  State  are  given  in 
Table  No.  73. 

[Table  No.  73.— Minimtm  and  Mkan  Tbmi-eiiatubeb  op  tiir  Wisteh  Month b  it>R 

ASEBIEB   ok    rE.lUa   at   SKVtUAl,   I'l-AUKB    IN    THE   STATE    ilY   ALABAMA. 

(FAnntielt  >.) 


1- ■ — 

II 

imn 
■iiin 

■t\« 

Ml 

i 

1 

ynn  tf nipenmna. 

NUD>    Ot  |lUw, 

1 

s 

-1 

B. 

id 

'i 

X 

eS 
si 

U'  IV 

US'  W 

W  iW 
gftH' 

ai-  «f 

W  41' 

'■a  II 

™  1 
<n  1 

44  N 
4H.i 
411. U 

41  T 

tun 

/WT 
run 

Bl  X 

51. .1 

Ml  1 

Ml  n 
ta.K 

BT.l 

us, a 
mi  T 

-0 

4 

4 

b 

14 

W.T 

w» 

11 

'ess 

-  L.  d  I 
14 

a 

a 

•i 

■a 


»« 


SKWAGK   DISPOSAL   IN   THK    r'NITKH   STATES. 


The  rt'Siilts  of  Table  No.  73  in  com  p  mi  son  with  the  meiui  temperature 
at  Lawrence,  Mtissachu setts,  as  shown  in  Tnble  No.  09.  easily  iiulitikte 
that  ail  exi-eedingly  efficient  winter  purificatiuu  of  sewage  by  inigation 
ainl  filtration  can  be  attained  in  tlie  State  of  Alabama. 

The  foregoing  ill  ust  rat  ions  of  mean  winter  t«mpi;ratures  in  Michigiui 
mill  Alabama  arb  8llffiL^ieut  to  illustrate  the  value  of  n  well-digi'stcd 
State  oliioatulogy  in  conuection  with  the  selection  of  tlie  method  of 
sewage  tUsiiusal  to  be  used  in  regions  lacking  the  diita  of  actual  M- 
pcrience  thnmgh  a  series  of  years.  The  variations  in  climate  indif- 
ferent parts  of  tlie  United  States  are  so  extensive,  and  the  vange  of  lati- 
tude so  great,  that  definite  infornnation  of  the  kind  here  wdlected  is  of 
the  highest  vahie,  though  for  its  full  utiUzatiou  wo  ueed  a  series  of 
allied  olmervatioua  in  relation  tu  the  temperatures  of  the  soil  ai 
various  depths,  such  observations  of  the  temperatiire  of  the  »oiI  fur- 
nishing' certain  modifying  corrections  which  do  not  appear  from  • 
study  of  air  temperatures  alone. 

Soil  Temper-vicbe  Oihebvationb  Abboad. 

Observations  of  the  temperature  of  the  soil  at  various  depths  hate 
been  kept  at  the  (irecnwich  Observatory,  the  Edinburgh  t'niversity 
and  at  other  places  abroad  for  many  years,  but  it  is  only  i-eeently  that 
the  subject  has  received  anv  special  attention  in  this  country. 

To  a  number  of  the  .\gTicultural  Experiment  Ktatious  establishiil 
during  the  last  few  yeai-s  maybe  assigned  the  credit  of  li>'^iiin  infra 
weries  of  studies  of  soil  temperatures  of  vidue  not  only  to  the  ugriruU 
ural  interi'sts  of  the  coiintry,  bnt  which  also  thr<iw  considerable  litht 
un  questions  of  sewage  purification  as  well. 

Jfauy  of  the  Eui-opean  observations  have  been  made  and  studied 
largily  with  reference  to  their  benriug  on  geological  dynamics,  imd 
while  of  interest  from  the  geological  point  of  view,  are  loss  useful  [or 
present  purposes  than  those  maih-  at  the  several  American  Agricalt- 
nral  Experiment  Stations. 

As  an  exception  to  this.  Table  No,  74,  of  the  results  at  the  Berlin 
sewage  faims  in  1884  luid  188.j,  is  given. 

Tlie  mean  winter  ait  temperatures  at  Berlin  are  :  Det^ember,  33.6' 
F. ;  January,  30";  and  February,  31.1°,  Soil  tern penitu res  have  been 
taken  at  14  different  points  at  Ihe  depths  indicated  in  Table  No.  74. 
Tlie  results  here  given  are  the  means  of  all  the  observations.  The 
deepest  frost  penotratiim  thus  far  olwervetl  is  about  2.5  feet ;  in 
ordinary  winters  the  depth  of  frost  does  not  exceed  1.7  feet.* 
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Relation  op  Si'ecthc  Heae'  th  SswAiiF.  Di8i>08al. 

The  specific  heat  of  ii  body  is  Jufiued  as  the  imiuber  of  heat-unita 

I  iieceasary  to  niise  tfie  teni])t'riiture  of  one  ponml  of  the  bo<ly  1°  F.  with 

water  at  32°  (akeii  aa  the  unit.     lu  cilln.-r  of  its  tliree  fornix  water  i<un- 

IBBHues  the  gi-Liatest  specitit!  heat  of  iiiiy  siibstioiL-e  knowii,  although  as 
106  its  specific  heat  is  only  one-half  tlint  of  the  liqnid  form.  Nutwitb- 
Htaodin^  the  iitilitv  of  sncb  infdnnation  in  iipricnltnre.  i-oiiipiirittiTply 
little  has  been  doni'  in  the  way  i>f  deteniiiTiins  thi'  sjiccitic  heut  uf 
Biiils,  the  follc>win<r  talile,  No.  75,  of  relative  rateji  tif  eonliiifi.  from 
Si^hiibU-r.  enibodyintr  aliont  the  most  useful  results  tinis  far  obtained.* 
*  On  tbc  Pby».iual  PropertioHoE  tbe  ^il  ftiul  an  the  Moans  of  InvL-Htigiitiii^  thrni.  By  Prn- 
fciaur  Schilbler,  of  the  UniTenily  of  TnbingBn,     Jotir.    Roy.    Ag.    8oc.   tif  Kiig.,  ml  L(|S40), 

The  HHiilth  detAii^l  in  thin  finptT  uf  Pmf^'risor  SchUhler.  wliilo  ohtiiLtieil  mnie  thati  .'ril  yfiiim  a^d, 
nn-  itilJ  the  if^t  in  inaTky  r«pi?ct«  tn  be  forinil  anvwb^ro.  t^ccntly  the  South  Cmrolinn  and  Tklnry- 
lind  Ag.  Ei.  Stntinns  hsu.'  Kiiwrimi'nte"!  nn  noil  phyhiBH.  an'l  the  following  n'mnie  from  tha 
Keconit  An.  Rept  of  tb>!  H.  Car.  Sta.  (pp.  Tl>.  7T|  inilicatM  th<^  nature  and  ei[t«nt  of  the  trork  id 
th»  ahuacter  which  it  b.  propowd  to  carry  on  at  these  ntations. 

Soil  Particles:  1.  Tntprprctation  of  the  roBtilt  of  nierh&nic4i  anal^na. 

a.  Nnmhet  of  pArticten  in  unit  weight  or  volume  of  soil . 

b.  Diameter  uf  avprage  aixed  parliale  nf  M>il  ami  the  mean  arranceDient  of  the  partiole*. 
r.   Surface  area  of  [lartioles  (this  nhowa  the  neri<  of  alill  fdrUisr  perfeoting  the  method  ot 

tnuchunjcal  airnli mhI. 
3,  Dd  a  moTBment  of  m)i1  particlei  dnc  Ui  i.hpuiiiriri^  wab-^r  i-ontcnt  and  cliangin^  temperature,  aa 
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In  obtaiuin^  these  results  a  given  quantity  of  dry  soil  was  heated  to 
146°,  and  the  time  ivquired  to  cool  to  70°  observed,  the  temperature  uf 
the  atmosphere  being:  Bl".  The  observed  times  of  cooling  are  stated 
in  the  fii-st  column ;  in  the  sei^oud  is  given  the  relative  power  of 
retaining  heat,  with  lime  saud  assumed  as  100. 

In  regard  to  the  relative  rates  of  cooling  of  the  several  earths  as  in- 
dicated in  Ttible  No.  76,  it  may  be  remarked  thitt  while  the  relative 
rate  of  pooling  depends  upon  the  power  of  retaininjr  heat,  it  is  still 
not  quite  identical  with  specilic  heat.     As  stated  by  Professor  Schiib- 

nikled  tu  the  giDntli  of  nmU,  uid  tUc  phyaicml  aotion  of  muiare,  vitJi  tba  HTeot  of  btmnictrio 

8ai1  HuMon :   3.   MeUioiI  for  the  ilctenninalion  of  the  moJaCnre  in   tbe  Kol  by  elecbrioU 
wirt»nee. 

4.  On  the  omfciiicul  of  uitt  mainturr. 

<>  On  the  raaee  mad  )awi  of  tbe  moTAnenl 
ft.  On  tliv  eflect  of  tetniwntim. 

c.  On  the  effect  of  DikDura. 

d.  Ob  the  effect  of  rmin. 

T.  On  tin  elfc«t  of  Dnpping  ui<]  oalti**Ciaii. 
IL  CUcDlatiim  of  the  rvUtite  tuoTcmoit  of  •oil  moutore  in  difleimt  ■oik  fnnn  the  BMofaaaiail 

A.  CUeiilAtion  of  the  relaliTe  rmte  of  eTafHCBtton  uid  nuderdiuiu^  from  diflcffvbt  aoSSa  from 
the  meohuiiot  Mui;>u 

7.  On  lb*  otpilUr;  lalneot  different  loib  from  the  >tic«buiic*l  uialj'dB. 

B.  SSMt  of  Gnenwa  Mid  compactneu  on  the  ntei-holdiog  power. 
ft  On  the  utioa  of  nndrnlrKuii  in  the  soil,  uid  of  hour  thcj  kcL 

10.  On  the  floccnUtion  uid  lalwidencv  of  cUj  putiide*. 

11.  On  the  Awellin^f  of  elaj  vhen  wet 
ti  On  the  cKiuptfting  of  laiU  hr  nun. 

i&,  Od  the  phiTBiciLl  Kotum  nf  inuinrTABnd  fertifiien. 

Soil  Tpnii-entnTT  :  It    Ken  form  of  nil  thermometer,  vhich  wgiileH  ihre  mkihnnin  uxl  nmi- 
mum  lent  |ic  I  at  lire  ■•(  %  (Minite  Imjti  ot  wU, 

1&.  Thf  rriaijim  of  tho  kuI  Io  beat  fta  oboerred  in  the  field  in  tjpinl  Hib  ot  under  diS«mt 
•owlitiimK  >if  rnliivatiim  wmI  fratituMMn. 

Id  (^IcuLuont  of  the  Illation  uf  dilTennt  wiU  to  bcM  ban  (h*  MMbuinI  analjvs,  <nU 
tho  •ITwl  of  tlie  water  rostvnt,  ciiltintion.  and  eni[iptBc. 
IT.  TbsMtnal  lenpentnrv  nt  itiflcrent  Bill,  with  ruft^  ata. 
U.  BMdjr  dI  the  loH  ol  brat  from  Ibe  diSrnal  latla. 
a.  A*  MlevlMx)  (ram  the  orobanicftl  aBsljnia. 
K  Atitofnatnwl  with  Iha  rsdtalion  IhciwiBietw. 
tft  Sptmie  bnl  of  tirpiral  mU 

iUtttrnnhu :  W  Temiwnlure  of  the  *li  wut  nik.  Md  MiM  «l  ■JilMi  ia  mmm  notf 
bwiable  for  plant  gnivth 

A   Diatribntiau  thntojuboat  tbr  (rowiQ^  n«ii& 

k  Tfat  lehiir*  cAM  oa  tbe  (ikw  th  •>(  ptaata  aad  «i>|l  |MilitnHini 

r.  How  nnditM  ^  ■■•(U*  and  catllvatun. 

5.  TbeealtBuiUMl  vIltonMaBl  1101 1  of  ■niilnn  tn  lb«  anUi  fiimi  Una  tettBift 

SB,  latoepBo  sf  nMaotuttfim)  cnaditiaiin. 

«.  0«  jimtn  prajwetina.  1*  nthnimK  t>*  niww^e  jiM  W  <t»in  at  th»  Bath. 

■l  0«  Um  4WnlMttM  of  onpa  Ibraatbaid  tbo  £i>Ik 

c  0>  Ih*  Kiwrth  and  ripMtlag  at  <««t* 
Ml  JLbmbI  Mod  latMBitr  at  oMaUa*  ti«]hbl*  Bv  tb*  oo^ 
M.  MM  ol  wt»J  WBi  ■■■■I  aa  ytaal  poitk.  TifuMty  >a  *>  tWi 
taunT* 


BKLATION   OF   SPECIFIC   HEAT  TO   SEWAGE   DISPOSAL. 


311 


Itr,  the  rate  of  cooling  does  not  depend  merely  upon  specific  heat, 
but  on  the  dittereut  capacity  as  well  which  bodies  possess  of  con- 
ductiuf?  heat.  A  body  with  a  low  rate  of  cooling  will  pusseaa  high 
specific  heat  and  slig'ht  conducting'  power :  these  two  pi"opertie8  coni- 
biaed  constitute  the  jjower  of  retaining  heat. 

Table  No.  75. 


Tlmr  fa  qoDi  rmm 
U6'  W  -tV  V. 

ItrliitlFi-  pDverot 
ntiiLnhid  hfAt. 

Sh,  Sil  iiilti. 
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f  h.  IN  mm. 
1  h,  ■tn  mill. 
3U  h.    ?  iiilii. 

iroo 

lU  0 

Tl.8 

Iti.* 

rti.T 

at  s 

49.0 
SUl.4 

Table  No.  75  shows  that  under  the  stated  conditions  dry  humus  will 
cool  about  twice  as  fust  as  sand,  and  nearly  eighteen  times  as  fast  as 
water,  when  exposed  tt)  the  smne  degree  of  heat ;  it  also  shows,  inde- 
pendent of  the  considerations  which  have  been  forcibly  pi-eseutoJ  by 
the  Lawrence  experiments,  the  superior  \aluG  of  saud  as  a  sewage 
purification  medium  in  winter.  In  order  to  illustrate  this  proposition 
we  will  review  briefly  the  riitUniuh  of  the  process  of  applying  sewage 
to  an  intermittent  filtration  area  from  day  to  day.  According  to  the 
Lawrence  experiments  thu  daily  application  of  sewage  disappeared 
from  the  surface  of  coarse  mortar-sand  in  comparatively  short  periods 
of  time,  the  actual  length  depending,  as  might  be  expected,  largely 
upon  the  amount  a|»plieil.  When  applied  at  the  rate  of  ()0,000  gallons 
per  acre  per  day,  about  311  miinites  usually  sufficed  for  that  quantity  to 
sink  entirely  beneath  the  surface.  At  the  rate  of  100,000  gallons  per 
(lay  per  single  application,  the  sm-face  of  coarse  sand  was  usually  clear 
in  about  one  hour,*  though  at  times  the  periods  were  somewhat  longer, 
as  may  be  seen  by  iuspfction  of  the  record  in  detail.  Li  Table  No.  76 
a  few  extracts  are  given  from  the  original  tabulations  by  way  of  illustrat- 
ing the  point  in  question.  As  the  liquid  sewage  ninks  into  the  sand,  thin 
laminae  of  water  cover  the  particles  of  sand  to  the  extent  of  about  one- 
ninth  of  the  whole  volume,  the  balance  of  the  space  being  occupied  by 
sand  two  thirds,  and  air  one-fourth.  The  application  of  one  day  is 
pushed  forward  by  that  of  the  next,  the  last  part  of  each  daily  applica- 
tion remaining  just  below  the  surface  of  the  sand  until  the  next  appli- 
cation is  made,  when  it  is  in  turn  pushed  forward  as  beforo.f    Again,  it 

*  For  fietailed  Ktalomotit  &n  applv.Hf;  to  iilt^iB  of  coar-o  nari'l  knil  oth^r  iriBt-^rihl,  nee  (he 
Ikbulatinnt  in  the  ^poo.  Mass.  na.  o!  Realtli  Rept..  Pact  IL  Wilb  very  oou'ie  mftterUl  the  dulj 
Applicutioii  frrquently  diuppeJired  witbiu  one  minuUi. 

t  Spec.  Kept,  PutU.,  pp.  0,7. 
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is  ulear  that  a  slight  circulation  of  air  may  be  expected  to  take  place 
tliron^li  the  voul.s  of  the  simtl  whiVIi  are  not  orc-upietl  with  liquid,  aud 
the  conliiiof  efft-et  of  winter  tempenitnres  will  therefore  be  somewhat 
greater  than  when  continuous  filtnitioni  with  its  conwequent  entire  ex- 
cUifiion  of  iiir,  is  used.  In  very  cold  weather,  then,  filter  areiis  may  Imj 
coiisiihTnbly  protected  from  trctiziiifi  by  the  use  foi  the  time  beiu}r 
of  contiinioiifi  filtration  riither  thiiii  ijitcrmitlcnt,  the  hitjh  Rpci'ific  heat 
of  the  water  coverinjr  obviously  extending  greatly  the  time  of  rediip 
tiou  to  temperrttnre  of  freezing. 

R-etnriiing  to  the  HpociHc  heat  of  s:ind,  we  niiiy  conclude  from  Ihe 
preceding  that  its  high  capacity  for  retaining  heat  will  also  assist  in 
prolonging  the  time  to  freezing.  Putting  sand  in  comparison  with 
humus,  other  things  being  eiiual,  the  time  wouhh  Ijc  donblfd  bcfui-e 
reduction  to  the  temperature  of  freezing,  us  shown  by  Sehiibler's  table. 


How  Heated  Bodfes  Cool. 

The  rate  at  which  cooling  of  various  soils  and  water  takes  plnoo  is 
thus  sliowu  to  be  of  considt^rable  prtu^tical  impoitanco  in  sewage 
disposal  ;  indeed,  we  may  say  that  a  thorough  understjindiiig  of  its 
lawH  will  assist  greatly  iu  reaching  a  satisfactory  solution  of  the  prob- 
leni  of  winter  purification  in  cold  climates.  .Xtpresent.  aside  from  the 
experiments  of  Diilong  and  Petit  and  of  Peolet,  we  hav«  little  accurate 
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luwleilge  of  the  laws  of  beat  wlik-h  apply,  aud  what  we  do  derive 
from  thuir  expeiiroeuts,  so  far  as  ita  upplicatioii  to  the  present  subject 
is  concuiued,  iw  fur  from  satisfactory . 

Tlie  cooliuj,"  r)f  heated  liudicy  may  be  effected  by  either  radiation, 
contact  of  cold  iiir.  or  by  conduction.  In  tlie  rasf  of  a  liltei'  uvea  with 
B  slii'i't  of  watiT  coveriiifT  it,  the  Honrces  of  losn  whifli  it  is  necensary 
to  consider  are  nuUatioii  iuid  contact  of  cold  iiir.  Conduction,  nFtidu 
from  the  wmall  area  of  contact  of  water  and  si-il  nt  the  sides,  only 
takes  place  from  tlio  water  to  the  filter  area,  with  the  useful  result  that 
th''  Iieat  abstracted  from  the  water  by  conduction  goes  to  increase  the 
temperature  of  the  Hlteriiis'  material, 

lladiation  from  a  ffiven  area  of  surface  varies  as  the  temperature. 
For  water  its  value  is  1.085  heat-units  per  square  foot  of  area  per 
hour  for  a  difference  of  1°  F,  in  temperature. 

Within  limits  uot  exceeding  about  30°  F.  we  may  say  that  cooling 
by  contact  of  air  is,  for  a  given  area  of  surface,  also  proporti<inal  to 
the  difference  in  temperature  between  tini  air  and  the  body  cooled,  in 
accordance  with  the  law  of  Newton.  For  greater  ditferences  of  tem- 
perature the  ratio  of  loss  is  somewhat  higher,  as  demonstrated  by 
Dulong.  but  for  present  purposes  the  .Lssuniption  of  proportionality 
of  loss  to  temperature  is  sufficient.  For  a  difference  of  1°  F,  we  nniy 
take  the  loss  by  cooling  from  coidact  with  the  air,  according  to  Pech't. 
at  0.595  heat-units  per  square  foot  p.^r  hour,  Thd  condnued  loss  from 
radiation  and  contact  per  sipiare  foot  per  hour  for  a  difference  of  1°  F. 
accordingly  becomes  (1.085  +  0.595)  =  1,6H0  heat-units. 

In  order  to  illustrate  tlie  foregoing  let  us  assume  an  air  temperature 
of  10°  and  sewage  at  a  temperature  of  45°  applied  to  the  depth  of  four 
inches  on  a  filter  area  free  of  snow.  .\lao  assume  the  time  required  to 
eompleti'ly  sink  Ih'Iow  the  surface  at  one  hour.  The  loss  of  heat  from 
riKliation  and  contact  of  cold  air  per  square  foot  per  hour  will  be  ap- 
proximately (1.68  A  35)  =  58.8  hcat-uidts.  Four  inches  in  depth  gives  a 
vidnme  weight  per  square  foot  of  20, S  pounds.  The  reduction  in  tem- 
jii-rature  of  the  applied  sewage  before  sinking  into  the  filtering  mate- 
riid  will  ai^cordingly  be  (58.8  ^  20.8)  =  2.8°  F.  To  find  the  time  elaps- 
ing before  reduction  under  the  conditions  to  the  temperature  of  freez- 
ing we  have  a  total  loss  of  heat  units  per  square  foot  of  (20.8  X  13)  ~ 
a70.4,  of  which,  as  an  appro.vimation,  we  may  f*ay  59  heat-units  are 
lost  the  first  hour,  54  the  second  hour,  50  the  third  hour,  and  so  on 
until  the  whole  quantity  of  270.4  units  is  lost  in  alwiut  five  and  one- 
hidf  h<iurs.  This  result  is  a  rapid  approximation  merely.  The  sub- 
ject admits  of  extended  inathennitical  treatment,  but  the  data  are  not 
•ixact  enough  to  justify  the  a<Iditional  expenditure  of  labor  required.* 

•  The  UwB  of  cooling  are  lery  complioat«d,  »nd  nil  formiil*  thiiH  far  lievisert  m*  merply  ■pproii- 
mttive.     Kewt«Ti'«  law  MKrtii  tliut  Uio  rate  at  vrbioh  a  boily  locm  hub  U  prapartional  to  Uia  dlf- 
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Agaiu,  the  latent  heat  of  fret'zing  is  about  142  units,  and  the  witli- 
drawal  of  this  amount  of  heat  uador  the  coiiditious  itssuinixl,  and 
throiif,'h  the  upenitiuu  of  the  saiuo  law  of  Iush,  will  still  furthfr  extend 
the  tiiut'  uf  codiiiU'te  i-uiiireliitiun.  In  illustration  of  this  we  luny  i-oii- 
sider  the  case  of  the  stratum  of  water  equivalent  to  n  pound  iu  weiji^ht 
per  sciuiire  foot.  Its  thitkneBs  will  be  {12.00  -  IJ2.4I  =  0.11)2  inchtw. 
The  time  required  for  this  thifkuesH  lo  congeal  will  Vie,  under  the  law 
of  cooling  already  used,  about  S.o  hom-s.  When  ice  Iihh  once  formed, 
however,  a  aomewlmt  diilertint  s^t  of  conditions  jjovern.  Loss  of  heat 
from  the  water  under  the  ice  eau  then  take  place  only  by  conduotiuu 
throuirh  the  iee  cover,  and,  by  reason  of  the  low  comlnetivitv  of  iee,  at 
a  lower  rate  than  when  the  unprotected  water  was  esp<isud  to  every 
passing  movement  of  the  air.  The  weight  of  water  at  32°  in  somewhat 
loSB  than  at  slightly  liij^rher  temperatures,  39.3°  Iteinjr  the  tenipeniture 
of  greatest  density.  Henee  eooling  by  convection  will  not  tiike  place 
at  the  low  temperatures  under  consideration.  These  illustrntiotis, 
wilhuut  exhausting  the  snbjeet,  will  Hufliee  to  indicate  why  the  process 
of  eiioliu^  is  a  pndonr^'d  one  under  the  eouditionu  assumed. 

Tlie  apecitic  heat  of  ice.  however,  is.  as  already  stated,  only  one-half 
that  of  water,  and  hence  we  may  expect  a  relatively  more  rapid  further 
rednclion  of  tempentture  of  the  ice  itself  after  once  actually  funned 
than  befrti>';  that  is  to  say,  ice  responds  to  changes  of  temperature 
twiif  as  readily  as  WHt<.'r, 
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In  order  to  iusure  that  winter  purification  niJiy  go  on  without  inter- 

rnptioD,  tlie  tbin.y  to  bo  attixiueil,  thun,  is  to  prevent  the  forumtinu  of 
iiny  consiileriible  quantity  of  ice.  As  wo  have  seen,  the  latent  hent  of 
freezing  is  142  units ;  wliea  ice  ih  once  formed  this  amount  of  heat  will 
lie  recpiiretl  for  every  pouiul  in  the  process  iii  meltin;^  to  water  at  the 
ti'niperature  of  32°.  AVith  sewajfe  at  tenipenitnre  of  4S°  going  on  to  a 
frozeu  filtration  area,  for  every  pound  of  ice  converted  into  water  at  a 
temperature  of  ^'1°  tliero  will  be  required  the  reduction  of  13  pounds 
of  the  ontlowiiit^  senago  to  the  aame  temperature  ;  in  other  words,  with 
oiiflowiug  sewage  at  temperature  of  45°  the  result  of  melting  one 
pound  of  ico  will  be  the  reduiiti{)U  of  nearly  13  pounds  of  water  to  a 
((■niperaturu  of  32°.  The  13  pimiiils  of  water  at  32°  thus  reduced  in 
temperature  will,  however,  still  contain  their  latent  heat,  amounting  to 
(13  y.  142)  =  1,846  heat  units,  of  which  the  water  must  be  fuiiher  en- 
lirely  deprived  before  it  eiui  al!  pass  into  the  state  of  ice. 

By  way  of  illustratiu.sr  the  jiractical  siguifieatice  of  the  foregoing,  let 
us  assume  the  case  of  a  tiltration  art'a  covered  with  vtater  frozen  to  the 
depth  of  three  inches ;  temperature  of  air,  20°  ;  fresh  sewage  applied 
above  the  ice  at  a  temperature  of  45'^.  We  require  to  know  the  depth 
of  sewage  at  this  temperature  which  must  be  ai)plied  in  order  to  melt 
the  three  inches  of  ice.  Taking  the  weight  of  ice  at  flR  pounds  per 
cubic  foot,  we  have  the  weijrht  of  a  square  foot  of  area  three  inches 
thick  as  14.5  pounds.  The  ice  is  exposed  to  a  temperature  of  air  on 
one  side  of  '20°  and  of  water  on  the  other  at  32°.  We  may  assume  its 
mean  temperature  at  half  way  between  the  two,  or  at  26°.*  Under  these 
conditions  every  pound  of  ice  will  require  (142  +  6)  =  148  heat-units 
in  order  to  reduce  it  to  tlie  litpiid  state  at  temperatiire  of  32°,  or  each 
square  foot  of  urea  will  require  (14,5  <  148)  =  2,146  heat-uuits.  The 
ainniint  of  water  at  45°  which  will  furnish  this  without  beginning  to 
congeal  is  (2,146  4-  13)  —  U>5  pounds  —  2.6  cubic  feet:  or,  what  is  the 
same  thing,  there  would  be  required  a  depth  of  water  over  the  area  of 
2.G  feet.  This  computation,  moreover,  has  not  taken  into  account  the 
loss  of  heat  of  tlie  applied  sewage  because  of  cooling  fiom  radiation 
and  cont.ict  with  the  air ;  this  of  itself  would  considerably  increase  the 
amount  necessary  to  be  applied. 

The  Massachusetts  experiments  at  their  very  beginning,  in  the  win- 
ter of  1887-88,  have  afforded  an  excellent  practical  illustralion  of  the 
principles  now  under  discussion.  For  instance,  in  January,  1888,  when 
sewage  was  first  applied,  the  mean  temperature  for  the  whole  mouth 
was,  as  shown  in  Table  No,  09,  15.46°,     The  sewage  was  further,  for 

*  Thii  usniTiptinn  will  not  be  quite  tiae.  h  thf  mull  amnunt  nt  eiapontinn  wliiah  will  take 
pLujf  from  tlio  cijki^i.i  mirfsce.  e»8n  iindrt  tliB  cut  rnic  conditionii  nsBiitnpi),  tvill  riTJiicp  fit  diw) 
lAiDf>mtare  snriLt^wbHt  lowrr.  It  inav  he  conudcrcd,  DevCLtfae[i;*ii,  iienr  fiiou^h  fo(  illastntive 
purpuMR,  wliioh  is  sll  tlint  ii  rcquiiEd  litre. 
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reaeons  already  indicateil,  apiilied  at  u  tern  pen  it  lire  only  a  few  defjrfei* 
above  32°.  The  result  was  that  soiuo  of  th>'  filters  became  frozen.  an>l 
it  was  founti  uecessjiry  to  heat  the  newnpe  by  passing  a  fiteam  coll 
through  the  measuring.'  tauk.  The  amoiiut  of  this  heatiiif;  may  \ic  set-n 
by  refereiiee  to  Table  No.  7(i.  Ihiriiig  Fobruary  the  amount  of  lientiti^ 
was  sufficient  to  give  ii  nieuu  for  the  mouth  of  47°,  or  about  5°  above 
the  meau  in  thesewer.  This  proving  insufficient  to  tree  the  tank  fi-o»i 
ice,  the  sewage  was  so  far  wanneil  ai-titieially  in  March  a*  to  give  u 
mean  of  about  Cl°  for  the  whtih'  mouth.  On  M;ii(h  8,  sewaite  at 
tem|ierrttui-e  of  57°  was  ap|>li«l  at  the  nit*'  of  2Ul,{lltO  ;,'iillous  per  acre, 
foUowed  by  the  same  quantity  on  March  9,  at  temjieiTitare  of  5$°.  Oh 
March  10,  32,000  gallons  per  aero  wa.i  applied  at  temjieratiire  of  6S*; 
March  12  and  13,  40.000  gallons  per  acre  each  day  at  76°:  March  14. 
40,000  gallons  at  80° ;  March  15.  50.000  gallons  at  C8° :  and  March  IC. 
60,000  gallons  at  70^.  From  that  time  to  tlie  end  of  the  month  the 
temperature  of  applied  sewage  ranged  from  (58°  to  52°  ;  but  at  no  time 
dnring  that  period  di<l  the  temperatun-  i>f  the  effluent  rise  above  iH'. 
These  figures  serve  to  point  out  saliently  the  hirge  amount  of  sensiblt^ 
heat  which  must  have  been  estnictetl  from  the  applied  wwage  b«fo«i 
the  lost  Liteut  heat  of  the  frozen  material  wn.s  fully  restored.  The 
mean  temperiitnre  of  the  air  for  the  mouth  of  March,  1888,  was,  at 
Bhown  in  Table  No.  (>9,  29.76". 

We  may  conclude,  then,  that  in  ca.si'  a  filtration  area  becomes  frojtrti 
solid,  the  application  of  sewage  at  its  ordinary  water  temperature  of 
4-5  "  or  thereabouts  to  the  exterior  <»f  the  frozen  surface  is  fundament- 
ally wrong  ;  it  will  only  loud  to  an  increase  of  the  difficulty  which  il 
is  intended  to  obviate.  In  case  it  is  impossible  to  prevent  freezing, 
the  area  should  be  so  managed  that  the  daily  application  of  sewajir 
at  normal  winter  temperature  may  be  made  to  pass  under  the  ice. 
thereby  avoiding  the  seriou.'i  loss  of  heat  resulting  from  contact  trf 
water  in  the  liquiil  state  with  cold  air.  A  eertaju  amount  of  loss  will 
still  go  on  thrimgh  the  ice,  but,  as  already  shown,  less  ntpidly  thui 
from  an  unprotected  watt;r  surface.  The  .-esultiug  increase  of  tem- 
)>erature  under  the  ice  will  further  prevent  the  penetration  of  froiil  ink" 
the  material  of  the  filter,  a  jioint  of  considerable  importance  in  itit 
bearing  upon  the  quality  of  the  effluent. 

By  reason  of  containing  a  large  amount  of  air  entangled  among  Its 
particles,  snow  may  Im'  considered  a  poor  eomUiet-or  of  heat;  it  is. 
therefore,  a  relatively  good  covering  for  a  filtration  or  irrigation  area 
in  winter;  and  the  foregoing  shows  how  it  may  he  of  praetii^  use  it 
the  sewage  oui  be  made  to  run  under  it,  forming  a  thin  layer  of  ir* 
above. 

The  preceding  diacussioD  enablea  us  to  appreciate  tht^  real  rriumu 
vliy  certain  soils  are  warm  and  others  cold.     For  iii.tlnnce,  hiimn«  in 
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UBually  considfieil  a  cold  soil  l>y  reiiauii  of  the  long  time  reyuireil  for 
it  to  become  warm  enoiigli  in  spriu];?  to  udiuit  of  suci'essful  pltiiitiiifj. 
Its  capin-'ity  fi>r  Iioiit ills'  ^"  ^  givfu  toiiiperfituru  is  shown  by  Sc'iiibli.'!''H 
table  to  be  iloiible  that  of  saml,  aiid  it  therofori'  ought,  iiiulur  the  same 
conJitiiiuM.  to  bfcomo  warm  tsvioe  as  quick.  I'Htiiilly,  however,  hiiijitis 
is  foiiiiil  ill  valleys,  and  when  without  ai'titiiiial  diaiua^e  is  saturated 
with  watdi'  which,  from  its  slowness  iu  absorbing  heat,  estuuds  the 
timu  of  warruiug  beyond  tlie  better  drained  soils  of  uplands.  I  >u  the 
other  hand,  at  the  approach  of  cold  weatiier  dry  humus  will,  for  thu 
same  reason,  lose  its  temperature  more  quickly  thati  sand,  but  Iiei-u 
a^ain  thi'  slownesa  of  the  water  with  whicL  it  is  saturated  to  part 
with  its  specific  heat  will  extend  tin'  time  of  cooling  of  the  whole,  bo 
thut  in  etfect  it  is  found  that  the  natural  uoils  of  the  valleys  are  geuer- 
erally  cooler  iu  summer  and  warmer  in  winter  than  those  of  the  lulja- 
cent  highlands.  This  fact  will  bo  forcibly  brought  out  in  iliscnssing 
the  results  of  the  soil  temperature  observations  at  Fort  CoUiuu,  Colo- 
rado, aud  at  Auburu,  AlaV)ama. 

The  cooling  effect  of  evaporation  may  also  be  referred  to  as  one  of 
the  elements  of  the  problem  nuder  discussion.  That  it  is  an  impor- 
tant element  may  be  appreciated  by  ixmsidoring  that  the  evaporation 
of  au  inch  of  water  over  an  acre  will  require  as  much  heat  as  can  be 
utilized  in  warming  from  tlie  combustion  of  about  eleven  tons  of  coal. 
In  a  water-logged  soil  the  evaporation  may  be  especteil,  therefore,  to 
reduce  the  summer  temperature  somewhat  below  what  it  would  other- 
wise be.  In  filtration  througli  coarse  sand  this  loss,  while  probably 
slightly  more  than  frinn  a  water  surface  because  of  the  open  quality 
of  the  mateiial  allowing  of  free  circulation  (if  air,  cau  still  be  endured ; 
if  it  procei'ded  at  an  equally  rapid  rate  in  winter  it  would  be  a  very 
serious  objection,  but  fortunately  the  relatively  low  rate  of  t-vapora- 
tioD  ID  the  winter  acta  to  reduce  the  loss  at  that  time. 


Sor.wiB   AND   TEltllESTRlAI,   RaPIATION. 

Solar  and  terrestrial  radiatiou  is  another  branch  of  the  subject  not 
only  possessing  theoretical  interest  but  practical  possibilities  in  the 
future  of  vast  siguificauee.  In  the  intR»biction  to  his  paper,  Re- 
searches on  Solar  Heat,*  etc.  Professor  Laugley  remarks  that  "  the 
observation  of  the  amount  of  heat  which  the  sun  seuds  to  the  earth 
may  be  termed  the  fundamental  problem  of  meteorology."  If  we 
knew  the  original  quantity  and  kitid  of  this  heat,  how  much  of  it 
reaches  the  soil,  how  it  maintains  the  surface  temperatnre,  and  how 
in  diminished  quantity  and  altered  kind  it  is  finally  returned  to  space, 

"  RhcmpIiw  on  a.lnr  Heat  hdi]  iU  Abwrptior  by  the  Eatth's  AtmiMpboTB.  by  Profisiuir  S,  P. 
I<ui|tle;.     P»ifc»ii)nid  PHpenof  Uip  Signnl  Servke,  So.  it..  IB''4. 
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Dtarly  every  element  of  the  prol>lera  now  under  discussion,  as  well 
an  those  pertainiug  to  aerial  meteorology,  would  become  predica- 
ble. 

According  to  Professor  Langley's  expeiiments  of  18H1  and  1882  it  U 
shown  that  all  tho  thermal  plieuoniena  on  which  organic  life  depends 
hiitge  upon  the  atmospheric  property  of  selective  ahsorptiou,  withoat 
which  thu  temperature  of  the  soil,  even  in  the  tropics,  would  fiJl  far 
below  zero. 

An  attempt  to  detine  the  modern  conception  of  what  selective  ab- 
sorption really  is  would  lead  too  far  into  the  theory  of  molecular 
pliysics,  and  we  may  simply  euy  that  the  paper  of  Professor  Laugley 
furnishe.s  an  epitome  of  all  tliat  is  at  present  known  in  regard  to  it ;  a 
study  of  tho  paper  will  repay  any  person  interested  in  scieutidc  mete- 
orology and  allied  subjects.* 

In  reference  to  solar  radiation  it  may  be  stated  that  tho  temperature 
of  the  air  as  measured  by  au  ordinary  thermometer  does  not  indicate 
the  real  intensity  of  the  sun's  heat.  Such  a  thermometer  really  meas- 
ures only  the  amount  of  heat  absorbed  by  the  air ;  even  whbu  exposed 
to  tho  direct  rays  of  tho  sun  its  indications  are  below  the  real  solar 
intensity  by  reason  of  the  cooling  effet-t  of  miiving  currents  of  air.  In 
order  to  avoid  the  etJ'ect  of  such  cuiTents  the  vacuum  solar  radiation 
thermometer,  which  consists  of  a  blackened  bulb  radiation  tbenuoui. 
eter  inclospd  in  a  glass  tube  luid  globe  from  which  all  air  has  been  ex- 
hausted, is  used  ;  its  indications  sue  from  20°  to  30"  higher  tlian  those 
from  a  similar  instrument  with  the  bulb  freely  exposed  to  the  moving 
air.  By  it.q  use  it  is  found  that  the  solar  intensity  varies  greatly  at 
different  places  without  reference  to  the  temperature  of  the  air.  The 
intensity  of  solar  radiation  at  any  given  place  is  indicated  by  compar- 
ing the  solar  radiation  rojidings  with  tho  maximum  air  temperatm-e. 

Again  it  has  boon  known  for  a  long  time  that  the  radiation  of  heat 
from  th''  surface  of  tho  farth  during  the  night  reduces  tho  temperatun.' 
of  the  surface  below  that  of  the  surrounding  air.  The  amount  of  this 
radiation,  or  rather  the  reduction  of  temperature  resulting  therefrom, 
is  shown  approximately  by  comparing  the  readings  of  a  teiTestrial  ra- 
diation thermometer  with  those  of  a  minimum  air  thermometer.  Some 
of  the  results  obtained  at  a  few  points  in  this  country  have  been  tabu 
lated  in  connection  with  the  soil  temperature  oh.servations  following. 

Thus  far  wi!  have  considered  the  relative  heating  capacity  of  the  soil 
without  reference  to  its  color,  although  it  is  obvious  from  the  differ- 
ence in  effect  of  solar  heat  on  a  blackened  tbennometer  bulb  that  the 
effect  of  color  is  of  considerable  importance;  and  while  in  satnrated 
Boils  the  relatively  high  specific  heat  of  water  is,  as  we  have  seen,  the 
•Dnsha'iDl'H  V(>uril  P!iili»c>i>hv  ('nxT'lt'i  To^nikUon)  mky  alM  be  rstamd  to  lot  ohu*]^ 
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oontrolling  factor,  ueverthelesu  tlie  iuHueiice  of  eolur  tw  ABsUtiu^  hb- 
lective  absorption  miiy  still  jufstly  claiiu  nnnut'iitiiry  attention. 

The  fatrt  tlmt  dark -co  lore*  I  soila  are  more  easily  wariued  by  the  buu's 
rays  thau  light  ones  has  been  frequently  observed  ;  ami  experimental 
proof  that  an  elevation  of  several  decrees  in  the  temperature  of  a  light- 
colored  8oil  may  be  caused  by  strewing  its  surfaL-e  with  charcoal  pow- 
der or  blai'k  vegetable  mould  has  been  obtained.  Observatione  on  this 
point  have  been  made  by  several  European  investigators,  but  in  the 
absence  of  explicit  statements  in  regard  to  the  ett'ect  of  the  entrained 
moisture  of  the  soil  the  results  have  relative  value  only.* 

The  best  results  are  again  those  of  Schiibler,  who  observed  the  tern- 
peratiu-e  of  various  dry  soils  when  exposed  to  solar  heat  with  their 
surfaces  either  blackened  by  a  thin  coating  of  lampblack  or  whitened 
by  pKwdered  magnesia.  Sehiibler  also  determined  the  relative  tem- 
peratures of  various  soila,  both  dry  and  wet,  with  surfai^ea  in  natural 
foudition.  Some  of  the  results  of  these  two  determinations  are  em- 
bodied in  Table  No.  77. 

Tablk  No.  77. — Hbatino  Ewtecit  of  thr  8un  hn  Wet  and  Drv  Soils  or  Diffkkk.vt 

Co  LOB  9. 

(fnhnniMlt  •.) 


UatMl^ 


I 


lfiitrn«''H.  rnirewhUii  .....,„„,, 

¥lne  atfifi'tntc  ',1  Wmt.  whitv....  ,,,, 

<lv|ini]iit,  ijriKlit  whlli-  tny. 

Floab'h-lftnd,  LTiiy   _... ,„„__ ^ 

SiiiilI;  Dl»v   vpiiHPW**h    -..,„„,_  .„. '. 

QimtU  HBit'1,  CfliEht  >«rio«lib-jtmf  - 

I>«m,  yellniwl-li    ,. .......^ 

LJiiir-4BnLl,  whiii>h-imiy , 

Hvnvy  pIav  nnil,  irMftwuih^cirar. 

I'lirc  'il'iy,  hint^h  Hmy   ...    ,.,.   .,_,,,,,_,.. 
Gat'Imii  miuikil.  WiiL-hl*li-iifiiy...,  „,,„„.,_ 

BiHty  miiMi  Ur<pwm»n-iBd,.,, ..--,,,>,. 

Bnni(i4,  bravnlf-h-bUck,.*.   , .....,, 


Unrj  ot  tha  hklifi-l  t4^ini«ntdrQ  of  lhaii;ipcrriirrKfMof : 


Ttry  rKTth. 


i 


10H.7 
liiM.;l 
1Til.3 
lOI.'l 
IW.K 
lOll.B 

m.t 

IUT.4 

mas 

tOKB 


a 


IKS 

llttO 

l«l,H 
lUt.ll 

UIA 
I»0 

IV>'I 
IWU 

tat 

i%i.ti 


I!  a 

IST 
U.ll 
14.4 

a.s 

1X7 
13,  S 
14.1 
1.10 
11.1 
I4.1t 
1A.1 
11.4 


N*tDr*l  aoioT. 


i 


M.l 

n.a 
"ft* 

W.I 

swi 
at.n 

BMfl 
WI.G 
101  .H 

iua.li 


lf».T 
lOW.4 
lltl.B 
III.T 
11 1.4 
I1i.fi 
lli.l 

imi 

Uf 

ns.(. 
ins 
iiG.a 

1 17  J) 


Studying  this  table  we  note :  (1)  That  the  lampblack  surface  wns 
warmed  on  an  average  about  13.5°  more  than  the  white;  (2)  that  the 
character  of  the  surface  determined  the  temperature.  The  results 
show  that  for  all  the  soils  the  temperatures  with  either  lampblack  or 
magnesia  were  essentially  the  same. 

In  the  second  series  with  natural  surface,  and  either  wet  or  dry.  we 

•  For  rfiiiin*  of  nsiilM  in  thi»  dirc-ction  iwt.  (h  Storer'n  Agiiuuliucc.  toI.  I,  pp.  IIS-IIU,  (SJ 
Jotuuon'*  How  PlMita  Crow,  |ip.  IPiU-l',>U. 
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not*  Tor  gray  soil  wet,  a  t('m|)F  nit  lire  of  97.7"  ;  niiil  for  browiiish-lilikck 
hmiiiis  wet,  103. ()°,  <jiviiio'  n  nirige  uf  5.9°.  Tfii'  siimtj  soils  ilvy  g'ivu, 
fof  gmy  soil,  111.7°,  anil  for  huiuu.s,  117.3°,  ii  rnnfiti  of  5.6°. 

Agiiin  tiie  difl'erenee  in  fuvor  of  the  dry  soils  as  agaiust  tliK  wet  i» 
about  13.5°,  tirn  same-  as  obswvfil  fur  tlie  soils  witli  wltileiieil  and 
lilafkeried  Hurfin^es. 

Further  we  observe :  <1)  That  nit  the  soils  when  wet  uiiiforiiily  jire- 
«eut  a  lower  temperature  than  wlien  dry  and  whitened ;  (2)  timt  the 
dark-polored  soils  when  vvi't  were  warini'r  than  the  wet  lijrlit-folored 
ones.  Again  comparing  thti  two  aots  of  results  it  is  evident  that  the  deep 
euiug  of  the  color  has  in  all  the  wet  soilt;  materially  aumttted  the  temper- 
ature, which  rises  iu  a  elear  relation  to  the  deepening  of  the  i-olor  until 
in  the  caae  of  browuish-blaek  humus  it  laeks  only  3.G°  of  being  am 
high  as  the  same  soil  dry  with  lampldaek  surfacu. 

Among  (earths  and  roeks  specilii'  heat  aeeiuia  to  vary  in  some  degree 
iu  proportion  to  denwity  :  and  us  a  mean  value  we  may  -say  tlnit  gravel 
stone  in  comparison  with  water  takon  as  unity  has  a  specilic  heat  of 
about  (1.20.  ThLi  upper  surface  of  a  filter  area  composed  of  tine  dark- 
ciiloreil  gravel  will  therefore  possess  greater  efficiency  than  one  not 
BO  covered;  for  such  covering  the  rounded  shite-colored  pebblett  of 
many  river-beds  will  answer  admirably. 

Again  the  specific  heat  of  wtiod  charcoal  is  0,24,  ami  its  use  for 
surfacing  a  filter  can  Im)  considertid,  on  account  of  its  black  color,  of 
possible  utility. 

Further,  on  the  subject  of  increasing  the  temperature  of  the  wul  of 
filter  areas,  it  may  bo  stated  that  the  nitrifying  process  itself  is,  when 
active,  no  inconsiderable  source  of  heat,  which  is  liberated  by  chemi- 
cal action  from  the  organic  substaucea  in  process  of  disiTitegration. 

In  regard  to  increasing  the  temperature  of  filter  areas  by  the  use  of 
dark-colored  surfaces  it  may  appear  at  first  sight  that,  inasmuch  aa 
riiiliation  or  iibsorptiou  are  apparently  converse  operations,  the  not 
rep-idt  for  a  comphtc  cycle  will  be  the  same  as  though  the  surface  hod 
Ixcri  left  in  its  natural  condition.  The  principle  of  seleetive  absorp- 
tion, however,  shows  ns  that  the  rayri  of  low  intensity  of  wave-motion 
may  be  almost  completoty  absorbed.  Again  radiation  is  not  in  evwry 
sense  the  converse  of  absorption,  the  quality  of  the  surfaee  has  more 
to  do  with  its  quantity  than  color,  aa  may  be  proven  by  suspending 
two  terrestrial  radiation  thermometers  at  the  same  height,  one  above 
sod  and  the  other  above  sand,  when  it  will  be  found  that  the  ono  above 
sod  will  show  the  lower  temperature.  Moreover  bodies  diflfer  in  their 
power  of  absorbing  and  riuliatlng  heat  of  different  degrees  of  intensity 
of  wave-motion.  It  black  cloth  or  black  paper  be  spread  on  snow  on 
which  the  sun  is  shining  the  snow  will  melt  more  rapidly  under  thti 
cloth  than  elsewhere.     If  the  cl')th  is  suspended  above  the  snow  tti« 
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irmltiug  still  goes  on  the  same  as  when  resting  upon  it.  The  reasons 
f')r  this  are  :  (1)  That  snow  has  a  spediil  i:mtpiifity  for  heat  of  low  in- 
tf^nsity  ;  (2)  the  effwit  uf  absorption,  conriui-tioii,  anil  railiation  by  the 
blaok  cloth  is  to  triiusform  the  siilar  rays  from  a  stati-  of  liig^h  intciisily 
to  that  of  low  intensity,  in  whii^h  state  tliey  aru  i-apahle  of  doing  their 
maximum  work  in  restoring  the  lost  latent  heat  of  snow.  Expressing 
the  fact  in  another  way  we  may  imagine  tliat  the  effect  of  the  black 
ehith  has  been  to  so  reduce  the  intensity  of  wave-uiotion  as  to  bring 
solar  beat  to  a  state  wherein  it  can  act  tlie  most  effectively  upon  snow, 
a  Btibstauce  which  is  only  exceeded  by  water  in  the  slowness  with 
wliieh  it  receives  and  parts  with  heat.  We  may  conchide  then  that  the 
selecting  of  a  material  for  the  surface  of  a  tiltt-r  i)f  such  absorbing  and 
radiating  capacity  as  to  utilise  to  some  extent  the  heat  gained  duriug 
the  day  in  maintaining  the  temperature  duriug  the  night  is  quite 
within  the  possibilities  of  our  present  knowledge  of  heat. 

Amerh^an  Son.  Tempkuature  Obhervations, 

may  now  take  up  the  consideration  of  a  few  of  the  soil  tempera- 
ture observations  which  have  been  kept  by  a  number  of  the  Agricult- 
ural Experiment  Stations  for  the  last  few  years. 

The  soil  thermometer  in  common  use  in  this  country  was  devised  for 
the  New  York  State  Station  at  (leneva,  by  Henry  J.  Green,  in  18M2. 
So  far  an  known  to  the  author,  with  the  exception  of  a  short  series 
made  by  Dr.  Kedzie  of  the  Michigan  State  Agricnitural  College  a 
few  yeai-s  previously,  the  Geneva  observations  were  the  first  extended 
series  begun  in  tliis  country.  Unfortunately  they  have  been  eoufined 
entirely  to  the  growing  season  from  April  to  October,  inclusive,  and 
are  without  value  for  the  present  purpose.  The  station  is  to  be  cred- 
ited, however,  with  the  Hi-st  systematic  beginning  of  sueli  work. 

The  thermometers  devised  by  Mr,  Green  are  a  series  of  (Uilinary 
mercurial  tliermometers  with  sufficient  length  of  stem  to  pioject  above 
the  ground  for  any  depth.  The  graduation  in  far  enough  above  the 
surface  to  enable  the  thermometer  to  be  read  by  the  observer  when 
kneeling.  They  are  encased  in  well-seasoned  wood  except  at  the  bot- 
tom of  the  bulb  antl  at  the  graduation.  At  the  sides  of  the  bulb,  holes 
are  bored  through  the  wood  to  admit  of  more  perfect  contact  with  the 
soil.  In  setting  (be  thermometer  a  trench  is  excavated,  a  groove  cut 
at  the  aide,  the  thermometers  planted  therein  at  the  proper  depths 
and  the  trench  refilled  as  nearly  as  possible  to  its  natural  condition. 
The  errors  of  soil  therraoraetera  may  be  determined  by  comparison 
with  a  standard  and  corrections  applied  to  the  observations  the  same 
UK  )o  any  other  mercurial  thermometer 

In  Table  No.  78  is  given  the  mean  soil  tempeniturt^  and  the  »u>>wfall 
21 
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TiBLB  No.   78.— Matimum,  Minimum,  and  Mran  Tbxpbratukes  of  thb  Aiit  and 

TUK  Same  you  tub  Sou,  .aj  VAUioua  DKi-riis,  yva  the  Munthb  riioH  Noveji- 

BBB,    1890,  TO  APIIU.,  18fll,  WCLt'SIVB,    AT   STATK  COI.LBOE,  I'ENNBVLVUflA. 

tFatirgiihoil  °.) 
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in  comparison  with  the  mean  air  temperature  for  the  winter  of  1890-91, 
as  kept  at  Slate  College,  Peimsylvania  iii  latitude.  iO°  55'  north,  longi- 
tude 77°  51'  west.  ObservationB  have  been  made  during  the  growinp 
Heaijou  for  ueveral  years,  but  the  foregoing  are  the  first  winter  reconk 
kept.  The  station  is  1,200  feet  above  title-water.  The  soil  in  which  the 
thermonictera  stand  is  a  modenitely  dark,  liompact  loam  for  a  depth  of 
about  seven  inchea  and  after  that  a  stilf  clay  subsoil.  The  surface  iin- 
luediately  over  the  therm  oraetcrH  is  free  from  vegetation  and  during 
the  summer  kept  loose  by  stirring  from  time  to  timo.  The  most  inter- 
esting point  in  eonneetinn  with  this  Sfrit'S  is  the  slight  frost  penetra- 
tion in  December,  181)0.  when  the  minimum  temperature  for  the  month 
was  1.0°,  with  a  meau  of  25,0°,  the  snowfall  tor  the  month  being  32.S 
inches. 

At  the  Maine  State  College,  Orouo,  Maine,  in  latitude  44°  54'  nortli, 
and  longitude  68°  40'  west,  a  series  of  soil  temperaturt-  readings  have 
l)een  kept  for  the  growing  season  of  the  last  three  years.  Table  No. 
79  gives  the  results  for  1889. 

Terrestrial  and  solar  radiation  readings  are  also  given  and  herewith 
included  by  way  of  illustrating  the  relation  of  this  class  of  data  to  soil 
temporaturps.  The  terrestrial  radiation  tliennometei'  was  placed  over 
grass  and  within  six  inches  of  the  surface  of  the  ground,  while  the 
minimum  air  thermometer  with  which  it  is  compared  was  four  feet  from 
thp  ground.  The  ■niiatt'st  range  of  the  terrestrial  radiatiiin  thermome- 
ter from  the  minimum  air  was  10.8°.  The  quality  of  the  soil  in  which 
the  soil  thermometers  are  placd  and  (he  eluvation  of  the  station  above 
tide-water  are  not  stated  in  tlif  r-'prirts  at  hand. 

The  mean  winter  temiiTatur<='s  of  air  at  Onino  in  1889  were  :  Novem- 
ber. 38.9°:  December,  27.fi'' ;  January,  25.0°  ;  February.  15.2°  ;  March. 
32.!)°;  Ajiril,  45.1",  The  minimum  winter  temperature  was  ^  20.0*.  lu 
March.     The  snowfall  was:  November,  G  inehes;  December,  6.5  in- 
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I  Tablr  No.  70. — yiK\y  Tempbiiatuhe  of  tiik  Am,  TErinKSTBiAi.  Badiatios.  So. 

l.AR    RaDIATIDN,    and    MKAN    SrJII.    TEMTEII  ATt;it  KB  AT  VARIllla     DhPTLfS     POlt     TIIR 

Months  kkom  May  to  Octobkk.  I88II.  inclusivk,  at  Mainr  Statu  Coi.lbub, 
Orono,  Uainr. 
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ches ;  January,  15.5  indies;  February,  28.3  inches;  March,  1  inches; 
April,  i  inches. 

In  Tablo  No.  80  we  have  tlie  ineann  of  a  series  of  obBcrvationB  of 
t4;mperiiture  of  iiir  iiml  noil  as  taken  at  2  r.  m,,  the  approximate  time  of 
inasimnni  daily  temperature  of  each  day  for  the  months  of  January  to 
April  inclusive,  1889,  at  St.  Anthony  Park,  Minnesota.  The  seventy 
of  the  MinneBota  climate  will  be  appi-eoiated  when  it  is  remarked  that 
the  mean  of  2  r.  si.  observations  for  February  was  17°.  The  winter  of 
18SS-89  is  stated,  however,  to  have  been  on  the  whole  a  mild  one. 
NeverthelcHs  the  soil  of  the  Minnesota  Station,  which  is  gravel  and  sand 
with  an  admixture  of  clay,  froze  to  a  depth  of  between  four  and  five 
feet ;  the  fn'eatest  penetration  of  frost  took  place  in  the  month  of  March, 
when  the  mean  air  tomperature  was  44°  and  the  upper  layers  of  soii  had 
entirely  lost  their  frost  to  a  depth  of  12  inches.  The  temperature  at 
depth  of  five  feet  read  32°  on  three  days  in  that  month,  33°  being  the 
lowest  in  Felirnary,  that  temperature  only  bein^  reached  for  the  first 
time  on  February  22.     On  February  1  the  temperature  at  five  feet  was 
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Taiii.k  No.  80,— Api'koximatk  Maximcm,   Mimmtm,  ami  Mk.v>  Tesipekaitue  or 
THE  Aiit  AND  I'iiE  S.Kitv.  fail  TUB  Sim.  AT  VAiiioia  Deiths,  roll  TUB  Months 

FlIOM    JiNUARY    TO    APHIL,    1889,    iNt^l.USIVB,     AT    ST,    ANTUOKV     PAUK,    MlMNB- 
SOTA.  • 
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3B°;  it  RTaihiiilly  fill  nntil  33"  was  reached  on  the  22(1,  as  just  stat«<l. 
At  the  depth  of  six  ftet  the  temperature  rnugefl  from  37°  to  34"  ia 
Felinijiry  anfl  retujiiiied  Btatioiiary  at  34°  for  the  wliole  of  March  aud 
Hutil  April  14,  when  the  temperature  advanced  to  35°.  From  that  time 
to  the  end  of  the  mouth  the  tendency  was  slowly  upward  at  six  feet, 
reaching  3il°  at  the  end  of  the  mouth. 

lu  reference  to  snow  protection  at  St,  Anthony  Park,  it  in  stated  that 
the  sui-facc  about  the  soil  thermometers  was*  nearly  bare  and  fully  ex- 
posed to  the  northwest  winds,  which  are  the  coldest  of  the  locality. 

These  Miimesota  observations  are  of  special  interest  as  illustrating 
the  leupth  of  time  required  for  the  ground  to  free  itself  from  fnifit 
when  once  frozen.  The  mean  air  temperature  for  March  was  44".  with 
a  mean  soil  temperature  at  the  depth  of  three  inches  of  41*.  At  the 
depth  of  two  feet  the  terapfrature  of  32°  was  not  attained  until  March 
28  and  remained  at  tliat  point  nntil  April  5.  Tliese  resnlt.s  show  tli« 
considemble  length  of  time  required  for  the  soil  and  eiitmined  nuiisl- 
nif  to  recover  its  lost  latent  heal.  In  winters  of  extreme  cold  the  soil 
of  Minnesota  is  said  to  freeze  to  the  depth  of  six  feet.  Experimental 
verification  of  this  by  the  use  of  thermometers  is  lacking,  as  these  ob- 
servations have  not  been  carried  on  since  the  winter  of  1888  *9. 
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la  Table  No.  81  we  have  the  results  of  iiir  and  soil  temperature  obser- 
Tfttious  lit  Liucolii,  N«bniska  (liitituile  4()°50'  north,  longitude  'J6''45* 
west),  tcv  tho  winter  of  181H)-91,  and  the  iiiontlia  of  November  and 
December,  18!)1.  The  station  is  about  1,150  feet  above  tide-water  and 
subject  to  a  snowfall  at  times  of  over  two  feet.  The  soil  is  described 
as  a  fine  black  loiim  from  14  to  18  int-liuH  deep,  underlaid  by  a  bed 
of  yellow  clay.     Table  No.  81  is  of  special  interest   by  reason   of 

Table  No.  81.— Maximum,  Minimum,  *nu  Mban  Tkhpeiiatoue  ok  Aiit  add  SaOi 
F«R  TUB  Months  Indicated,  at  Lincoij«,  Nebrasea. 
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exhibiting  the  slight  frost  penetration  in  the  month  of  Fehnmry, 
18SI1,  when  the  mean  air  temperature  was  20.1°  ;  and  by  way  of 
illustration  we  will  consider  the  meteorology  of  that  and  the  fol- 
lowiui^  month  a  little  in  detail.  The  preceding  month  of  January 
had  a  mean  air  temperature  of  27,9°  and  a  total  precipitation  of  1.58 
inch,  all  in  the  form  of  rain.  The  ground  was  in  cousefiuence  un- 
protected during  the  whole  of  January,  which  resulted  in  frost  pen- 
etration to  a  depth  of  12  inches  on  the  17th,  when  the  reading  at  12 
inches  was  31.5°.  At  the  depth  of  9  inches  a  reaiUng  of  31.fi°  was 
reached  on  the  13th,  On  January  31,  the  reading  at  fi  inches  was  82,1°  j 
at  9  inches,  32,1°:  at  12  inches,  32,9°:  at  2  feet,  36° :  and  at  3  feet, 
38.5°.  Except  the  first  G  inches  in  depth  the  ground  wan  entirely 
clear  of  fro.st  on  that  date.  The  mean  temp';rature  of  the  air  on  Jan- 
narv  30  was  32.3°;  on  the  31st,  15.3°:  on  February  1  it  was  -2.2°i 
whih'  on  Februiirv  2  it  was  0.2°,  On  February  3  the  soil  temperature 
at  deplh  ot  3  inches  was  14.6° ;  at  6  inches,  17.7°  ;  at  9  inches,  2i°  ;  at 
1 12  inches,  25.6°:  and  at  24  inches,  35.3°.  Several  inches  of  snowfall 
ot'curred  on  the  8th  with  a  mean  air  tempei-ature  of  1G°.  From  the  8th 
to  the  19th,  whpn  an  additional  snowfall  occurred,  m^an  air  tempera- 
tures ranged  from  57°  on  the  9th,  to  45°  on  the  l4th  ;  to  14°  on  the  16th 
and  17th,  and  27°  on  the  19th.     On  the  14th  the  soil  temperatures  afe 
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various  depths  were :  3  inclieB,  30.5°  ;  (i  inches,  29,9"  ;  9  inchsB,  31.6° ; 
12  inches,  SCf!"  ;  at  2  feet,  33.4°  ;  iiuil  at  3  feet,  36°.  Another  fall  of 
HHow  of  a  few  inches  occurred  on  the  27th.  with  a  mean  temperature  of 
the  air  for  that  day  of  8.7°.  On  February  28  the  meiin  air  teinperatnrp 
wtm  3.H°,  with  Btiil  temperatures  for  the  same  date  as  follows:  at  :i 
inches,  16.3° ;  at  6  inches,  19,2° ;  at  9  inches,  23.8"  ;  at  12  inches,  242' : 
at  2  feet,  31.4° ;  and  at  3  feet.  34.8°.  In  March  the  (hiily  mean  tem- 
perature ran  bftow  32°  every  day  except  uui>  until  the  15th,  wheu  it 
rose  to  38°,  the  exception  in  the  previous  part  of  the  month  being  34° 
im  thti  KHh.  From  the  13th  to  the  end  of  the  month  the  mean  daily 
air  temperature  was  above  32°  for  every  day  except  the  18th  and  26th. 
when  29°  and  31°  were  respectively  reached.  Heavy  snowfalls  oc- 
curred on  the  6th  and  7th,  the  total  for  the  month,  the  most  of  which 
fell  on  these  two  days,  being  18.8  inches.  The  soil  temperatures  in 
March  were:  On  the  14th,  at  a  depth  of  three  inches,  24.7°;  at  12 
inches,  29.8° ;  at  2  feet,  31.4°  ;  and  at  3  feet,  33.7.  With  the  great  rise 
in  air  temperature  which  began  on  tlie  15th  the  ground  cleared  itself 
of  frost  at  various  depths  as  follows  :  The  temperature  at  3  inches  was 
37.7°  «m  the  IGth  ;  at  6  inches  it  was  32.3°  on  the  20th  ;  at  9  inches. 
32.1°  on  the  23(1 ;  at  12  inches,  32.1"  on  the  23d,  at  2  feet,  32,1  on  the 
17th;  the  minimum  temperature  at  that  depth  having  occurred  on 
March  5  and  fi,  with  readings  at  30°.  At  the  di'pth  of  3  feet  the 
minimum  soil  temperature  of  the  winter  was  33,2°  on  March  9.  Oii 
March  31  the  soil  temperatures  at  various  depths  were ;  at  3  inches. 
41.6°;  at  6  inches,  40.3°;  at  9  inches,  37.8°;  at  12  inches.  3G.9° ;  at 
2  feet  35,9°  :  at  3  feet.  36.4°. 

In  April,  with  a  mean  air  temperature  of  53.4°.  the  soil  temperatures 
rose  rapidly,  attaining  on  the  30th,  at  a  depth  of  3  inches,  06.1° ;  at  12 
inches,  60.9°  ;  at  2  feet,  54.3°;  at  3  feet.  50.6°. 

The  mean  air  temperature  of  May,  1891,  was  60°,  with  aoil  tempera- 
tures im  the  31st  of,  at  the  depth  of  3  inches,  77.3° ;  at  12  inches,  67.9*  : 
at  2  feet,  59.9°  ;  and  at  3  feet,  56°. 

The  Nebraska  observations  contrast  strongly  with  those  in  Minne- 
sota, showing  how  much  tpiicker  the  fine  black  soil  of  the  Nebraska 
prairie  cleared  itself  nf  frost  than  did  the  less  responsive  material  at 
the  Minnesota  Station.  Again  they  are  of  interest  in  comparison  with 
the  results  at  the  Colorado  station,  in  nearly  the  same  latitude,  where 
on  ftceount  of  high  altitude  entirely  different  meteorological  conditions 
obtain. 

The  most  elaborate  set  of  oliservatione  of  terrestrial  meteorology 
thus  far  m.ide  by  any  of  the  Agricultural  Esperiment  Stations  are  thos<- 
of  the  Colorado  Station  at  Fori  Collins.  Tables  Nob.  82  to  87  show 
some  of  the  results  as  compiled  from  data  given  in  the  Annual  Reports' 
of  the  station.     The  observations  at  Fort  Collins  are  of  considerable 
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Table  No.  82.— Maxiuum,  Hinihum,  and  Hban  TBHrKRATORtt  op  the  Ant  for 
TUB  Months  January  to  AfuiL,  iNci.uaivs,  1869  and  IHBO,  at  Fort  Collins, 
Colorado.  (Pahnnbt.t ".) 
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Table  So.  83.— Wbeki.v  Meanb  ok  Soil  Tempbratdubb  at  tub  Depths  Indicated 
FROM  Janoarx  to  May  fob  the  vbars  1880  AMD  1880,  AT  Fokt  Collins,  Colo- 
rado. (Filmnheil  -, ) 


■ndiUK. 


JflnnHTT  S. .  ,1  VI  a 

jDnn^.ryll.J  14. S 

JanUTTlU..!  »4.8 

JiniurvM  .1  ai.U 

Prbmiirr  3..  K'.O 

Prbriian'  B..  av.t 

Fettrunry  IB.  »l.ll 

K»brniiry*3.  KA 

Xna-hS Ht.I 

lUrrhB '  Sil.4 

Hlruh  in....'  43.1 

X>.rch3S....  44. U 

Unrchau  ...I  «I,1 

AprllB SS.II 

April  IS  ....  48.S 

ApHISO S8.H 

April  tr ....  an,4 

Uikit Sl.T 


»». 


Lb.     aio.  ;  1ft.      Sit.  I  8fl. 


£8.4 

X  B 

u.u 

JH.7 

ei  g  . 
s*  1 
tT.S 
tl  4 
31. B 
411.9 
44. a 
45. T 
H.O 
49.0 
ta  i 
ts.S 

H.e 


17, « 
K.T 

w.a 

»7.9 

.11.1 

™.o 
au.« 
ss.n 
ai>  B 
48  .u 

41  S 

49.  H 

M.l 
!»  0 

GI.S 


388 
W.4  ' 
81. « 
31.4  ! 

ai.i 

31  .B  I 

8!t.a 

S4.T  ■ 

si.a 

41.5, 

4.1. n 

4H8 
47.6  ' 
4B7 
Bl.T 
Bl.7  ■ 


87.0  I 
8\8  I 

89.1  I 
31  4  I 
M.B 
8<.U  I 
81.8  ' 
81  1 

SI  a 

Sfl.H 
Itp.T  ■ 

41.1  : 

4t.I  I 
4.-\.3  I 

4i>.n  , 

48. 1 

■iH.e 

Bl.O 


44.> 
4-1.3 
4*. 4 
41  7 

41. U 

411. G 

40  3 
40.3 
411  1 
8ft. u 
411  S 

41  4 
4t.a 
4.1. E 
417 
4^.7 
4H.ft 
48 .0 


Wnek 
eadLog. 


Jitiinitry  4 . . 

Itnariry  II.. 

Jfinnary  18.. 
iJaMuary  VS 

PtfbruAry  I,. 
|K«briiaTy  h. 
|Petonuirj  IB 
.  P«l>ruAry  33 , 
.March  1    . . .  . 

M«r<>h8  .... 

U>>r<:hIB.... 

M^irch  ««.... 
iMiirrtiai.... 
lAiirll  B   

Anrll  IS.... 
;«prll  la  ... 
'.^pril30.... 
Itfay  3 


lew. 


sin. 

ein. 

Itt 

3tL 

SfL 

ert. 

»a.7 

81.1 

as  s 

80.8 

88. n 

44  8 

*r.a 

M.S 

81.0 

SI. 4 

STO 

4SB 

a.'j.n 

II. 3 

80. 0 

a8.4 

85.11 

43  A 

SS..S 

3T  1 

38.  M 

as. 4 

SI.H 

41  ■: 

81.7 

831 

ai  G 

IU4 

84. E 

41.0 

».(l 

^A 

83.  a 

SH.3 

84.8 

411.0 

31  .^ 

S3.B 

sa.a 

MB 

es.o 

4aA 

84. T 

S5.S 

ao.i 

w.o 

80. B 

4a.<i 

a-.i  I) 

B1.3 

8:1. S 

86.3 

^n.l 

4")  7 

813 

33S 

ss  t 

K4.1 

88. S 

4U0 

*1.4 

ass 

HB  8 

as  8 

KB.T 

411 .8 

41.1 

44  1 

41.3 

ail  s 

S8.T 

4117 

4.%  I 

40.(1 

4B.I 

488 

43.3 

41, B 

48G 

44.3 

*l.fl 

4:1  U 

43  8 

481 

M.3 

51  4 

4!)  n 

411  8 

4^  0 

44. U 

40.3 

47  1 

47  8 

407 

40.3 

4St 

4T.fl 

48.8 

4S7 

4;,s 

4T.0 

4»H 

»).S 

B1.8 

GI.O 

41.3 

47.11 

40.  S 

I 


Table  No.  84. — Maximcu,  Hiniuuh,  and  Mean  TeiirBHATUREs  op  Air  :  Mean  or 
Tbruestrial  Radiation  OBSERVATioNa  and  Mean  Soil  Tbmperatdrbs  roR 

1800,  AT  Fort  Collins.  Colorado. 
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intereat  by  reason  of  the  unusual  locatiou  of  the  Btation  ixt  an  elevation 
of  about  4,980  feet  above  tide  (latitude  40''35'  north,  longitude  105°0' 
west).  Tho  mean  air  tempwatures,  Jamiaiy  to  April  inclusive,  for  the 
two  years  18«8  and  18110  are  showu  in  Table  No.  82.  The  weekly  int-aii 
soil  temperature  for  the  same  mouths  and  yeaiu  have  been  tabulated 
in  Table  No.  83,  the  record  here  used  beiu^  from  a  set  of  thermometers 
placed  in  loam  which  sometimes  receives  artificial  moisture  from  the 
overflow  of  an  adjacent  irrigated  area.  The  rainfall  at  tins  station 
is  slight,  the  record  showing  a  mean  of  13.S8  inches  annually.  The 
larger  part  of  this  occui-s  in  the  spriug  and  summer  months.  Tlie 
winter  months  are  stated  to  be  almost  entirely  free  from  storms  of 
every  character,  what  little  precipitation  there  is  being  in  the  form  of 
snow  and  lasting  only  a  short  time.  Tlie  average  of  stormy  days  in 
winter  for  several  years  has  been  for  December,  1.3  days  ;  for  January, 
3.6  days :  and  February,  3.6  days.  The  winter  days  are  mostly  clear 
with  a  relatively  intense  solar  radiation.  The  mean  total  percentages, 
six  months  of  the  year,  compared  with  Central  New  York,  are  as  fol- 
lows: 

J«iii»r).     FelTOUj.     Mnivn.      A|iril,     NoYMiber.     Desetntar. 

Fort  Collins,  Colorado 72  67  70        37  66  fl6 

Central  New  York 17  25  29        30  25  21 


Difference  55 


42 


41 


18 


41 


45 


The  solar  radiation  at  Fort  Collins  is  high  and  generally  speaking 
probably  in  escess  of  the  terrestrial  radiation.  The  observations,  how- 
ever, are  still  in  the  experimental  stage  and  this  conclusion  can  l>o 

Table  No.  85  — Diffkbemceb  in  TEHPBRATrRK  op  tbe  Son-  at  TAniotiK  DRiTwa 

IN   Dlt¥    ANDWKTGRODND   AT    FORT   COLLINB,    C'-OLORADO,    IN   mn    MuNTirS   ISIll- 

CATKn.  IN  1890. 
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Table    No.    b6. — Montjilv   Evaporation  at  Foht  Collins,  Colorado,  fuoh 

1887  TO  18110,  INCLU8IVS. 
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Tablk  No.  87,— Solar  akd  TERRaaritiAi.  Radiation  at  Foht  Collins,  Colorado. 
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considered  as  tentfitive  only.  If  it  turns  out  to  be  true  on  f  iirtber  study 
it  may  be  considerfd  as  possibly  expliuniug  tlie  relativtfly  liiyh  ttara- 
peratiire  of  the  soiU  in  wiiitor.  Thus  far  tmiiblo  has  bt^en  found  in 
making  this  ret^urd  by  reason  of  the  ordinary  solar  radiation  ther- 
mometers finally  breaking  l>ec»use  of  the  tube  not  being  long;  euoiijrh 
to  aocutnmodati"  the  mercury  when  expanding  to  an  unusnidly  high 
radiation ;  117°  hrin  been  rogiutered  above  the  tliermo meter  in  the 
nhade  t^lose  by  in  February.  Table  No.  87  shows  the  record  of  aohir 
anil  tcnestrial  radiation  for  a  few  days  in  January,  February,  March, 
November,  and  December.  1888. 

The  means  of  the  mouth  to  which  the  daily  readings  in  Table  87 
pertain,  so  far  as  they  can  be  made,  are  as  follows  : 

(Fnhrcnhpit*,) 
Ui>K,  Kill.  Siilur  mil.  Th.  twL 

Jniiiiarr 42.7  10,0  ...               

Febinnry. 53.0  25  0  40.3 

Marcli 49.0  37.0  .''..'i.r.  11.8 

April      .  73.3  40.B  4G.0 

Novemlier 48,8  24.7  53.7  8  8 

Deeetulier 49.0  17,8  5fi,4  10,1 

In  the  preceding  tabulations  the  column  of  solar  radiation  ther- 
mometer gives  the  ilifference  between  the  maximum  temperature  of 
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tliP  nir  ill  tlin  sliiulo  mid  the  highest  teiiipeniturf  imiicnted  liy  the  solar 
ntdiiitiuii  iustriuiifiit  phu-eil  iii  ful!  sunshine.  The  readiug  of  the  huti-r 
iiiHtrnmoitt  uiay  he  fouud  by  aiKUug:  the  numbers  iu  the  solar  radiation 
and  tlie  maxiiuuiii  temperature  column.  The  eolumn  of  kirrestriul 
radiation  theruiometer  gives  the  number  of  degrees  which  that  instrn- 
luciit  falls  below  the  minimum  temperature  of  the  air. 

ObservRtioiis  with  the  ordinary  glass  globe  vat^uum  solar  radiation 
iheniiometei's  were  disfontiuued  in  1S89  and  the  Arago-Davy  at-ti- 
nonieter  stibstituteil  instead.  The  observations  with  that  instrument 
for  ISiW  are  imduded  in  the  Third  Annual  Report  of  the  Colorado  Ex- 
periment Station :  but  in  the  absence  of  the  reduction  constants,  which 
have  not  yet  been  determined,  a  comparison  of  the  solar  radiation 
with  tlie.suil  temperature  in  I88i)  and  181)0  ciuiuot  be  made. 

In  Table  No.  83  the  m^tn  soil  temperatures  ait>  given  by  weeks  from 
January  1  tt>  5!a>-  4.  In  reference  to  these  temperatures  it  is  stated 
that  thei-e  are  slight  corrections  of  the  thermometer  which  have  IraeU 
applitil  to  tlie  readings  for  189(1  but  not  to  those  of  1889.  The  differ- 
etices  tllblttat<^).  so  far  as  the  present  discussion  is  i-oncemed,  are  not 
fxntit  enough  to  serionsly  affect  a  comparison  of  the  meiuis. 

In  Table  No.  84,  the  temperature  of  the  air  six  feet  abore  tlin 
groimd.  terrestrial  nulialion  at  three  different  elevations,  mean  Boil 
leui[»>ratnn's,  tuid  snou  falls  are  compare<l  for  the  whole  year  1890. 
Till-  mean  soil  tenilM'ratnres  are  deriveii  from  the  table  of  wf^kly 
iiicuus,  and  will  vary  slightly  frtim  a  tabulation  of  aetunl  monthly 
mt-nns  Ity  rt>Mson  of  Ihv  l>egiaiiiiis;  .lud  end  of  weeks  not  coinciding 
with  the  In-ginning  and  end  of  m»uths.  Hen«'  the  oViservations  of 
one  month  in  some  cases  lap  into  another  la  this  table.  The  colomns 
of  inMui  t«>rrcslrial  nuliatiou  iUnstrate  the  variatioa  in  mean  ten- 
|terature  at  various  heights  aliove  the  st>^>uui1. 

In  Table  No.  8.1  we  have  a  labntatioii  of  weekly  soil  lemp^ratarvs 
frtim  twx»  sets  of  ihenuometers.  Set  B  is  |i|Bre«l  iu  low  gromid  near! 
a  tlitoh :  S4>t  C  is  on  u  knoll  in  dry  gntnui  which  is  never  irrigated. 
Fi*r»  large  pi^rtituiof  the  year  the  *ater  table  is  not  tarl^eloathe  thrw- 
fi>tvt  tht-rmomeler  of  Set  H;  this  set  is  also  swbjcct  to  the  inflaenoe  of 
till-  irrigation  water  appltrd  to  lli>-  adjat.'^nt  field.  The  soil  at  Set  Bis 
a  dark  loam,  while  Scrt  0  is  in  a  hanl.  rompact.  yvllow  day. 

Slodyi&ir  U>i»)  tattle  it  app^-ars  that  in  the  warm  mntttits  ifae  soil 
t(>ni|>«ratutv(i  ruijn*  coMaiderably  higher  iu  the  dry  gnmiKl,  whiU*  in 
the  citld  mttuths  Ibey  nuigv  higher  in  the  w«4  gniaad.  Some  of  the 
rwiaona  for  this  have  Wvn  oiti^l  iu  It,  "   -inaiy  djacnssioiL  bat  by 

vay  of  a(tditi<4ial  illustration  Table  N^    ~  tapofvtkiii  frOB  a  water 

sur(ac«'  at  Furl  Collins,  as  detenuioed  by  oKsM-ring  Um»  Lms  from  a 
galvaniaeil  iron  tank  thive  tv*i  a(|naio  aiMl  lhn?e  feet  de«p.  snuk  flosk . 
with  th«  grouiHt  t«  alau  givvn     Thv  hifrii  rate  ia  June  and  July  ml 
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si^eciolly  noticeable,  as  for  instsnce  in  1888,  when  for  these  two 
months  the  sum  was  14.7  inches,  which  gives  a  daily  rate  for  the  whole 
time  of  0.245  inch. 

Records  are  also  kept  at  Fort  Collins  of  barometer,  hnmidity,  wind, 
sunubine,  etc.,  but  tbe  fore^oin^  are  of  more  interest  in  discussing  soil 
temperatures.    The  mean  barometer  is  about  25  inches. 

The  Experiment  Station  at  Auburn,  Alabama  (latitude  32''40'  north, 
longitude  86°30'  west ;  elevation  above  tide-water  826  feet),  has  made  a 
series  ot  soil -temperature  observations  during  the  last  few  years,  from 
the  record  of  which,  as  given  in  the  several  bulletins  of  the  station. 
Tables  No.  88  to  90  have  been  prepared.  In  Table  No.  88  is  given  the 
maximum,  minimum,  and  mean  temperature  of  the  air  and  soil  for  tbe 
months  from  October,  1888,  to  March,  1889,  inclusive.  The  soil  ther- 
mometers, of  which  the  record  is  given  in  Table  No.  88,  are  planted  at 
the  top  of  a  hill  iu  snudy  soil  frequently  stirred  during  the  growing 
season.  Readings  are  made  at  7  A.  M.,  2  i'.  M.,  and  7  P.  M.  A  similar 
set  of  thermometers,  of  which  the  record  is  not  here  given,  are  also 
buried  on  the  banks  of  a  running  stream  in  sandy  bottom  laud.  Home 
of  the  results  of  comparing  the  set  in  the  bottom  with  those  in  the  dry 


Tabi.e  No.  88.— Tbmpbrature  op  thk  Aiu  and  Soil  at  Varioub  Depths,  voh  thk 
Tearb  and  Months  Indicated  at  Ai'burk,  Alabama. 
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Table  No.  89. — Mean  or  Aib.  TEKReGTiiiAL,  and  Soil  TiieuMOMicTBitB  at  AuBt'iin, 

Alabama,  in  1869. 
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iiplaiid  may  be  briefly  referred  to.  Thus  it  is  found  that  the  anme 
tlifferenco  exists  here  a«  at  Fort  CoIMhb  between  the  temperatiire  of 
upland  and  lowland  soil,  although  the  differeucea  at  usual  tempera- 
tures are  uot  as  pronounced  iu  Alitluiiua  as  in  Colorado.  But  wlieu 
the  air  temperature  falls  bt>low  about  40°,  at  times  the  soil  tempera- 
ture in  the  uiiper  la.vers  ranges  several  degrees  higher  in  the  liottom 
than  in  the  upland.  The  daily  range  of  the  bottom  land  is  also  less 
than  that  of  the  uphuul  in  winter,  though,  as  mu,v  be  expeL'ted,  the 
daily  range  decreases  with  increase  of  depth. 

In  Table  No.  89  the  mean  air,  terreatrial,  and  soil  tempera  to  res  are 
tabulated  for  the  twelve  months  of  1889.     In  this  series  the  soil-t»m- 


Tadlb  No.  90.— Com  i'a  It  I  son  of  tuk  Mammfm  and  Mimmvm  Atu  TcMPKRATriU, 
OF  TKrtriKiii'RiAi.  Kauiatiok.  Am  and  Soil  Tubrmombtrrs.  uv  HoKTiia  fok 
THtc  Year  1S80  ;  at  Afbitrn.  Alaiiama. 
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perature  olieervations  are  carried  to  n  depUi  of  H  feet,  whicb  is  con- 
siderably <lpeper  than  most  of  tlioMt  thus  far  iimde  herf. 

In  Table  No.  !)0  tbe  maximum  and  minimum  air,  tencstrial,  and  soil 
temperatures  are  contrasted.  The  value  of  this  tabulation  would  be 
gjeuter  if  solar  radiatiou  were  included  ;  but  thus  far  solar  radiation 
olwervatioas  have  not  been  taken  at  the  Alabama  Station. 

The  foregoing'  tables,  from  78  to  90  incluBive,  together  with  the  anal- 
ysis of  the  Bamt',  can  lim'dly  be  considered  other  than  a  very  inade- 
quate presentation  of  the  information  which  has  been  recently  ac- 
quired in  this  country.  Of  necessity  the  discussion  and  tabulations 
have  been  considerably  condensed  in  order  to  bring  them  witliia  the 
limits  of  a  single  chapter.  Observations  have  Vieen  made  at  a  number 
of  places  in  aildition  to  those  here  cited,  of  which  for  lack  of  space  no 
account  has  been  taken  in  this  paper.  Wlioevcr  wishes  to  study  the 
question  at  length  will  do  well  to  consult  the  original  data  as  found  in 
the  annual  reports  and  bulletins  of  the  several  Agricultural  Stations.* 


Remedies  for  Frost. 

The  foregoing  discnssion  has  indicated  why  frost  will  probably  in 
the  colder  climates  of  this  country  interfere  with  the  successful  use  of 
broad  in-igation  and  intermittent  filtration  inestreme  winter  weather, 
and  we  may  next  iuquir«  what  remedies,  if  any,  can  be  applied.  To  this 
it  may  be  answered  that  it  is  doubtful  if  broad  irrigation  can  be  made 
to  work  at  all  when  mean  winter  temperatures  are  for  any  considei-able 
period  much  below  about  20°  to  25^.  The  quality  of  the  soil  irrigated 
and  its  capacity  for  absorbing  and  retaining  heat  will,  however,  mate- 
rially iutluence  the  result:  sandy,  gravelly  soils  undoubtedly  adniittins- 
of  successful  in-igation  at  lower  temperatures  of  the  air  than  clay  and 
humus.  The  amount  of  snow  will  be  also  to  some  extent  a  controll- 
ing factor.  In  regard  to  intermittent  filtration,  it  can  probably  be 
successfully  operated  by  goi.id  management  down  to  a  mean  air  tem- 
perature of  about,  or  somewhat  below,  20°;  and  when  the  mean  falls 

•  TiiD  chief  Kiuiueii  of  information  for  the  preparation  of  this  ohaptrr  baie  bqen  : 

10  All.  Re|>U.  of  Now  York  St  Ai[.  Ex.  Sta.  at  Genen,  IS^U-ISCO. 

(2)  Ad.  Rf'iits,  Ponn.  St.  Col..  IsaB-lWIO. 

(S)  Bulletin  So,  7of  the  Minn.  Ag.  Ex.  Sta,,   Apr,  1S8U. 

jlf)  An,  RHptJ,   MoineSt.  Col..  iSS!M8iH>. 

PoTirth  mill  Fifth  An.  Repts.  of  Neb.  Ag,  El.  Sta.,  1900-1831, 

Fiot,  Sec.  hn<l  Thmi  An  Repta.  of  Col.  Ag.  Ex.  8t« ,  1H,S8.  1889,  1690. 

(1)  Metcruloi^iwil  Biilletina  of  the  AU,  Ay.  Ei.  Sti.  1«BI,  IBitO,  1801. 

(S)  Secnncl  An.  Itept.  of  the  South  Carolina  A^'.  Ei   Kta  ,   IS.'^'.I. 

The  aulhoTf  winh  to  rrippcially  aeknowh'Hi:e  indrbt>'dne»fi  to  Dr.  Peter  Collier  of  the  Npw 
Ynrfc  Stale  Station  at  Oeneva,  t<i  ProteAsur  Wm.  Fri'nf.  ii!  the  PeiinsylTuiia  State  College,  aod  to 
Prnf^**oT  Louiri  (5.  Carpenter  of  the  Colora^io  Statiitn,  for  linta  furnished.  Al*o  to  the  dircetora 
of  aeveral  of  tlie  other  atatioiia,  who  have  tumiahed  the  rapotta  and  bulletina  of  their  atationa  a> 
wea  ■■  publii«lied. 
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SEWAGE   DISPOSAL   IN   THE   rSITKD   STATES. 


mucli  lowiT  there  are  four  remedies  either  of  which  may  be  applied. 

namely  : 

(1)  At  the  approiifh  of  winter  to  cover  the  entire  area  with  boards. 

(2)  To  cover  ;i  portion  only,  aw  for  instance  a  series  of  tieuuhes,  al 
the  approach  uf  winter. 

(3)  To  artiticiaUy  warm  the  sewiij^e  lo  snch  temperature  as  will  nd 
mit  of  filtering  without  freezing  nmler  extreme  climatic  toncUtious 
and  without  any  prott;ctive  t-overingof  the  field. 

(4)  Where  the  topugraphiciil  fonditious  ailniit  of  siloh  ti-eatmeut  l« 
lay  the  tiltratiou  area  down  with  special  sand  trenches  and  permanent 
boaid  covei-ing  as  illustrated  and  described  in  Part  II.  of  the  Masea- 
chuaetts  Special  Reptirt. 

As  indicated  in  the  pret-tidiug  discussion  of  this  chapter,  and  also  in 
Cha]iter  XIV.,  the  areas  can  also  lie  worked  continuonsly  during  ex- 
treme cold  weather,  though  with  the  chance  always  that  the  frost  may 
interfere  with  successful  opcnttion.  For  an  absolute  guurantee  against 
interruption  in  extreme  temperatures  either  the  protective  covering 
or  artificial  warming  may  be  used ;  which  of  these  to  adopt  in  any 
locality  where  special  protection  of  some  kind  is  indicated,  will  be 
chiefly  a  question  of  comparative  cost. 

CoMPAltATI\'E   E.4TIMATE8. 

By  way  of  illustration  let  us  assume  favorable  conditions  for  the 
construction  of  high-grade  intermittent  filtration  areas:  this  assump- 
tion implying  either  a  nearly  level  or  gently  sloping  original  natural 
surface  to  which  sewage  can  be  delivered  by  gravity.  Assume  coaiiw, 
clean  mortar  sand  within  such  reasonable  distance  as  to  admit  of  trans, 
porting  and  placing  at  a  cost  not  exceeding  50  cents  per  cubic  yard. 
Also  assume  a  daily  flow  of  l.OOO.UOO  gallons,  which  at  80  gidlous  per 
head  per  day  will  represent  tho  sewage  of  12,500  people.  We  will 
fnrtlier  assume  that  the  conditions  of  purification  will  be  satisfied 
when  filtering  at  the  maximum  rate  of  100,000  gallons  per  acre  per 
diiv.  At  this  rate  10  acres  will  be  required,  but  for  the  contingency  of 
allowing  an  occasional  rest  of  the  area  we  will  prepare  15  acres,  and  for 
liberal  sniTOundiugs  will  purchase  a  total  of  2J  acres.  The  estiiualod 
cost  of  this  with  the  assumed  favorable  conditions  may  be  put  at : 

25  Blares  (if  lftii.1  at  8250   SR.iW 

14  iicren  Icvpleil.  Bi-Bile-l.  and  poiliftnkpd,  at  RSOO 4,500 

15  aciw**  iinileiil  rain  eel  ti)  dejitli  of  5  fi«I.  nt  8'iiO 3,730 

li>  ftcivB  fiirnialieil  willi  coni'se  sniiil  'A  (eot  ileep  {BOe.  jioi'  eaViio  vmit),  at 

82.400 ; S6.0[M) 

DUtrilm'ion  carriers,  tanks,  BtrainiiiR  arrangements,  etc lO.IWX) 

Bnnin,  slieils,  leain,  wacoTi.   IimiI».  elc. .  ,  ,  2,m)0 

Ggntingeiit  esjiensp  nbout  12  jier  cent , T,JIH> 
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Anuiial  oust  o(  operation  : 

1  (oreruan  at  S75  pei'  (uoiilli $900 

4  luboieifl,  eauli  335  per  mouth 1,C80 

Keppiiij{  reaui,  reijairs  ot  tools,  etu iOO                     ■ 

Abnual  i:ii»t  of  repairs  and  reiiewaJa 920* 

Amount 83,900 

«3.90(lcapitftlize.l  at  4  pev  cent 897,500 

Total  capitalization gliiT.ftUO 

So  for  US  present  exi>enence  can  guide  us  the  foregoing-  may  be  con- 
sidered an  ample  estimate  of  tLu  coat  of  coiiat meting  and  operating 
without  any  special  winter  protection  a  high-grade  filtration  area  of 
the  capacity  indicated,  favorable  conditions  being  as  stated  assnnii'd. 
The  total  capitalized  investment  pev  inhabitant  served  would  be 
<tl67,500  H-  12,500)  =  ^13.40. 

We  may  now  consider  the  addition  to  the  foregoing  caused  by  reason 
of  either  a  protective  winter  covering  of  the  area  or  by  artitioial  wanning, 

A  piMtective  covering  for  the  whole  area  will  recjuire  the  providing 
and  renewing  of  the  necessary  luml>er  for  covering,  the  couBtruetion 
and  niainteuaucB  of  ahods  for  storing  the  aame  in  summer,  the  \>ro- 
viding  of  the  labor  for  laying  down  the  covering  in  the  fall  and  taking 
up  and  storing  in  tht'  spring.  The  fii-st  coat  of  the  imuber  and  slore 
Rliedit,  with  the  capitalization  of  renewals,  maintenance,  and  additional 
labor  will  constitute  the  addition  to  be  mmle  to  the  previous  estimate 
in  order  to  obtain  the  total  capitalized  cost  under  the  new  conditions. 

We  have  assuniod  that  the  conditions  of  purification  will  be  satiatied 
when  filtering  at  the  maximum  rate  of  100,000  gidlons  per  acre  per 
day  ;  accordingly,  it  will  be  necessary  to  provide  covering  for  only 
ten  acres.  The  amount  of  lumber  per  acre,  including  posts,  joists,  and 
deck  boards,  may  be  estimated  at  55.000  feet  B.  M.  We  have  then  aa 
iMlditioual  tirat  coat : 

65.0IH)  tt.  B.  M.  coarse  lumbor  at  JJIB.  whidi  for  10  aoroa  amounts  to S  8,8()0 

Bbedit  for  etoiiug  same  during  slimmer 3,300 

Total  adrlitional  flmt  coat  of  disposal  works $11,800 

AilditionftI  annual  cost  of  operatioa  will  be  : 

Kenen-al  of  lumber  iiiid  store  sbpd.i 9S50 

Adilitioual  labor  for  putting  down  ami  taliiug  up  protective  cover- 
ing cacli  year  at  $50  jier  aire 500 

Total  additional  coat  of  operation Sl,360 

<1,360  ciipitaliKeU  ut  1  ijei'cent.. 838,750 

Total  additional  capilnli/ation 8  ■15,5r.'l 

Bringing  forwaril  tlio  previous  cnpitalinBlion  of Ifi7.3ll0 

ToIaI  capital izfltion  inclnding  protective  covering $213,050 

•Thin  amOQnt.  with  tbfl  nllannnceaf  tl.nSft.OOprr  year  for  common  labor,  THCOtuider^it  i^iilEmQtit 
«n  not  only  pmi-irje  for  nnliimty  rppnim  ■ml  renewata  of  briilding*,  tools,  etc..  but  to  fiitthtriiiitnit 
of  flh&ii|^iLif  th4>  upper  3  to  3  incheft  of  uLri'i  on  from  one  to  two  ucres  roch  year  ;  tbia  anHiuiit  of 
MiDnkI  runewiil  of  (snil  bcin);  vonxidcied  latficient,  »e  aq  ftTcrdge.  in  view  of  tbc  libernl  i>iOTi«io& 
of  HiirpluH  Brea  whirli  ht*  b«eD  made. 
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In  this  case  the  total  coat  per  inhabitant  served  will  be  ($213,050  -i- 
12..500)  -  S17.14. 
,     For. 


covering-  ot'  trenchf^s  merely,  the  cost  of  lumber  !Ur1  storf  shells 
will  be  only  about  one-third  of  thut  for  complete  covering  as  per  hint 
estimate.  The  amount  of  hibor,  however,  will  be  somewhat  greater, 
the  whole  cost  leading  to  a  ftiial  capitalization  of  iS201,000,  which 
represents  a  total  coat  per  inhabitant  of  $1G.08,  The  advantage  of 
operation  will  prabably  be  somewhat  in  favor  of  the  complete  cover- 
ing- 

For  the  case  ot  artificial  warming  we  will  assume  that  tlie  clitDatio 
conditions  are  such  as  to  require  sewage  which  reaches  the  disposal 
works  in  winter  at  a  normal  temperature  of  i'l"  to  l>e  warmed  to  a 
temperature  ot  65°  for  45  days.  1,0(10,000  gallons  daily  riiised  from 
temperature  of  45°  to  65°  is  (1,(100,000  x  8.34  >--  20)  =  160.800,000  heat- 
units  required  per  day.  We  will  further  assume  the  evaporation  ot 
10  pounds  of  water  from  212°  for  each  pound  of  coal  consumed  in  the 
furnac^e,  the  temperature  of  the  steam  to  be  high  enough  to  yield  at 
least  1,000  heat-units  per  pound  of  water  when  reeondeuaed  in  the  ra- 
diating coils.  On  these  assumptions  10,000  heal-units  will  be  realized 
from  each  pound  of  coal  consumed  in  the  furnace.  The  daily  con- 
sumption of  coal  becomes  then  (106,000,000  -4-  10,000)  =  16,600  pounds. 
Adding  to  this  for  warming  station,  operation  of  pump  for  returning 
water  of  condensation  to  boiler,  etc.,  and  we  reach  a  total  of  18,000 
pounds  =  9  not  tons,  as  the  daily  use  of  coal  under  the  conditions  aa-  * 
Bumed. 

We  may  then  e.stimate  the  additional  first  cost  as  ;  For  steam 
plant,  including  building,  coal  shed,  boilers,  fouudatious,  and  settings, 
connections,  retnni  pump  and  radiating  coil,  etc.,  complete,  at  $13,000. 

Additional  cost  of  operation,  on  an  average  will  be: 


9  DPt  tons  of  ponl  per  tlav  for  45  davs,  at  *3.50  par  lott 81,417.50 

Aililitional  Ubor  fof  45  (lays 180,(10 

Senenals  and  repaii'ft  of  Hteara-beatiog  plant 600.00 

Total  ndditionftl  enst  of  operation S2, 197.60 

82,107.60  capitalized  at  4  per  cent  gives 854.937.50 

Amonnt gfiT.OTT  .id 

Bring  foriroi'd  pi-eviooB  capitalization 107,50(100 

Making  the  total  capitalization  for  artificial  wanning 8285,437  JW  ■ 

For  intermittent  filtration,  assisted  by  artificial  warming  in  winlfC^ 
the  total  cost  per  inhabitant  served  will  therefore  be,  for  the  assnme'  ^I! 
case.  $18.84. 

For  complete  comparison  of  methods  of  sewage  disposal  we 
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also  estimate  the  coat  of  iiiirifyiiifr  1,000,000  priillous  per  day  by  cliemi 
cal  treatment.     For  Btidi  works  the  estimate  m^y  stand  as  follows: 

5acresof  IftndutSMO  81,250 

Disposnl   works  |)liint,  ipclmling  bnitdiiigs,  iireeipitoliou  tnnks,  sludge 
presM,   air  fom pressor,   grimiiug  and   mixiDg  machinery,    piimi>s, 

etc.,  complete 80,000 

Oontingent  espeuse,  about  12  per  cent, 3,750 

Amoant $36,000 

Annual  coat  of  upernMon  : 

Superiateudent   iit  SlOO  jier  niontli 81,300 

Steam  engineer,  flnmiau,  and  3  laboreiTi  at  $225  per  month 2,700 

Fuel,  wrttur,  oil,  and  waste 1,000 

>t65  million  gallons  of  sewage  treated  annually  at  $12  per  million 

gallons  for  diemieala 4,380 

Disposal  of  sludge 300 

R6|)aii's  and  i-enewals  of  buildings  and  plant 1,600 

Amount $11,180 

$11,180  capitalized  at  4  per  cent $279,500 

Total  capitalization $314,500 

For  cbemical  iinrificatiou  tlie  total  cost  per  inbabitant  served  is 
therefore  found  to  be,  under  tbe  assumt'd  conditions,  $25.16. 

For  intermittent  filtration  with  a  permanent  board  covering  of  spa- 
cially  prepared  treucbea,  as  per  experimental  field  at  LawTence,  the 
comparative  estimate  of  first  cost  for  purification  of  1,000,000  gallons 
daily  may  stand  as  follows  : 

25  antes  of  land  at  «250 $6,250 

20  acres  nnilerdiaiiied  at83()0* 6,000 

For  excavating  trciu'lu's  2  foet  wide  and  2,5  feet  deep  in  20  aci-es,  inelud- 

ing  removal  of  surplus  material  (Ireuclies  to  be  5  feet  apai't).   1,630 

ou.  yds   per  acre,  at  Ul)e.  =  $326  per  acre $6,520 

Fur  replacing  tlie  excaviiii'd  nialerinl  fioni  said  treiicliea  with  coarae  sand 

at  50o,  percii.yd.  20  acres,  at  «815 16,300 

Por  (aniisliingand  laving  Cor  2l)aci-es  tlie  permanent  board  covers  of  coarse 

lumber   =  360  M.  ft.B.  M.  at  S24  8,640 

Distribution  carriei's,  tanks,  straining  ariiingeroents,  etc. 10.000 

Bnrn,  shed,  team,  wagnn,  tool  a.  etc 2  (MM) 

Contingent  ex i>e use,  about  12  per  cent 6,790 
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Amount $62,500 

Annnal  cost  of  opemtinn  : 
For  this  system  the  total  may  be  taken  nt  $4,300,  which  capitalized  at  4  por 

cent  gives $107,500 


Total  capilalizatiou $170,000 

*  In  thin  cMfle  a  Aom?what  f^mat^r  ftrei  miy  be  a""nmer]  hk  necM^'^Ty  bv  rftaon  of  only  h  ptiTLion 
o(  th^  tolid  cjnntf'it  r>f  poil  lo  anv  pivcn  d(*pt!i  ^-oinK  flot'inlly  in  ftervic.  Tue  coat  of  inrlpT'lrain- 
ingwi'l  aUq  bj?  Mimifwhat  )^aLi-r  t^-nn  in  fHlip  prpvinim  f^nd'-n,  Jne  Ut  greAtt r  ^<^ptS  of  eToavut joo  ro- 
■J^ilr'ng  to  b'l  ni'brLe.  In  the  pre'ii.'iHh"  crinsiitoriMl  oa^f*  thitdmiMi  ht?  rnn§'rLerflt1  nn  lnUi  af  t^r  iht 
Icv^fin^  of  'icl  I  tiH4  b4>FTi  i7umpWt'?!|  iknij  h  *fiir<-  r'l'^oiiin  nf  thr  -I  tvt  of  untir'^  Ntnrl,  r'^i'iirmg  an' 
•Ipilliese  Gun<licionb  only  'i  f«t  uaavation  far  dnini  lo  Ito  at  depttiaf  5  feel  wIicd  area  WM  oom- 
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From  wliiuli  we  ileiluce  a  totul  vont  per  iulidbihiiit  nf  $13.60,  stri 
amount,  it  will  be  noted,  Hulitantially  the  sfuiie  as  for  iiiteiinitUiit  fiUr»- 
tion  with  fljiecially  prepareil  sand  area,  without  any  protective  i-over- 
iDg.  Moreover,  it  is  important  to  remember  that  this  estimate  pro 
viiles  20  acres  of  filtration  urea,  which  tjivea,  wLiii  the  wLoIo  arna  in 
in  service,  a  ihiily  menu  rate  per  acre  of  5I>,000  giillons, 

Although  not  necessary  for  the  jirijimient  we  may  still  properly  con 
sider  for  full  t-ompletion  of  the  subject  two  other  cases  in  iutenuittont 
iiltration,  as  fur  instance  :  (1)  When  guoil  materiiil  is  so  entirely  avail 
able  //(  xrf.ii  that  pr(.'pariition  of  ai-tilieial  area  by  bringing  coai-se  sauil 
from  a  ilistauce  is  unnecessary  ;  and  (2)  the  case  when  some  little  sort 
ing  anil  selecting  of  material  at  hiind  will  suffice  for  the  preparation  of 
lui  efficient  filtration  ai'ea.  We  will  lnuse  onv  estimates,  as  before,  on 
the  disposal  of  a  daily  flow  of  1,000,000  gallons. 

In  the  first  of  these  two  cases  we  will  iirtsume  the  preparation  of  20 
of  the  25  acres  purchased  at  a  total  cost  iif,  inchuUng  first  cost  of  land 
as  before,  together  with  levelling,  embanking,  nndtrdniining,  con 
atruction  of  barns  iuid  sheds,  teams,  wagons,  and  tools  and  for  contin 
gent  expense,  an  amount  of  $32,700.  Expense  of  operation  will  be  the 
same  as  in  the  previous  estimates;  whence  we  reach  a  final  total  capi- 
talization of  $130,200,  which  gives  again  per  inhabitant  served,  $10.42. 
In  the  same  way  for  the  second  ease  the  total  cost  i)er  inhabitant  will 
be  $11. 42. 

TakiufT  into  account  all  of  the  foregoing  comparative  estiuiateB 
it  appears  that  even  when  liberal  allowance  is  made  for  artificial 
warming,  which  is  also  found  to  be  the  most  expensive  method  of  in- 
surius"  successful  winter  purification  by  intermittent  filtration,  we  may 
still  purify  our  assumed  quantity  of  1,000,000  gallons  daily  flow  at  no 
greater  expense  than  by  chemical  treatment.  For  many  localities  the 
cost  of  intermittent  filtration  will  be  far  below  that  of  chemical  treat- 
ment. Indeed,  as  between  intermittent  filtration  with  artificial  warming 
in  winter  and  chemical  treatment  the  estimates  show  a  difTerence  in 
total  cost  per  inhabitant  served  of  ($25.16  -  $18.84)  =  $fi.32  in  favor  of 
the  intermittent  filtration.  We  must  remember,  however,  that  our  es- 
timate of  cost  of  an  intermittent  filtration  area  was  based  upon  fairly 
favorable  conditions ;  if  we  nssame  nnfavorable  conditions  we  may  in- 
crease the  original  capitalized  cost  of  filtration  area  with  artiBciul 
warming  in  winter  from  $1S.S4  to  about  $22.00  per  inhabitant  served. 
which  still  leaves  a  balance  of  $3.16  in  favor  of  high-grade,  and  arti- 
ficially warmed,  intermittent  filtrntion. 

Again  if  we  refer  to  the  estimate  of  annual  cost  ot  operation  with 
artificial  warming  it  will  be  observed  that  coal  is  estimated  at  fS.flfi 
per  ton,  whereas  in  the  vicinity  of  the  coal  l-egious  it  will  l>e  obtained 
at  considerably  less,  in  some  plaees  as  low  aa  $1.25  per  net  tow.     On 
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the  other  hiuid,  a  few  of  the  items  of  cost  of  chemical  treatmeDt  will 
probaljly  be  somewhat  leas  tbau  used  in  the  estiuiiites  iii  many  lo- 
calities. 

As  a  general  statement  based  on  present  information  we  may  there- 
fore say  that  intermittent  filtration  Hmler  the  moat  imfavorabte  cir- 
ciimstuDces  and  in  tlici  severe  climate  of  our  northern  winters  will  not 
exceed,  when  all  the  items  are  taken  into  the  account,  the  cost  of  puri- 
fication by  chemical  treatment.  This  statement,  it  will  be  remembered, 
is  based  upon  delivery  of  the  sewage  at  the  purification  area  or  station 
by  gravity.  In  case  it  becomes  necessary  to  include  the  additional 
cost  of  pumping  to  an  elevated  filtration  area  the  balance,  as  a  matter 
of  total  capitidization,  may  be  in  favor  of  chemical  purification. 

Ag'ain  no  account  is  taken  of  rehitivo  length  of  main  outfall  sewer 
required  to  reach  the  point  where  the  purification  is  applied,  the  as- 
sumption being  the  use  of  the  same  location  in  either  case.  Expe- 
rience indicates,  however,  that  frequently  the  finding  of  a  favoiablo 
filtration  area  necessitates  going  further  away  than  for  the  location  of 
a  chemical  purification  station.  In  such  cases  with  relative  costs  of 
outfall  sewer  included  iu  the  capitalization  the  balance  may  also  as 
a  matter  of  total  cost  lie  in  favor  of  chemical  purification. 

The  present  discussion  is  not  concerned,  except  incidentally,  with 
the  comparative  efficiency  of  the  various  methods  of  sewage  purifica- 
tion—the Lawrence  experiments  appear  conehisivo  on  that  point; 
and  it  may  be  merely  remarked  that  the  chemical  treatment  obtained 
at  the  foregoing  expense  would  be  somewhat  leaa  efficient  than  that 
obtained  by  intermittent  filtration  even  in  winter;  for  the  whole 
season  the  mean  efficiency  of  the  chemical  treatment  would  be  far 
below  that  of  the  intermittent  filtration. 


Deductions. 

In  conclusion,  by  way  of  summary,  we  may  aay : 

(1)  That  any  place  with  a  mean  temperature  of  the  air  for  the  eold- 
st  winter  month  not  lower  than  about  20'  to  2i°  F.,  and  ivith  sewage 

distributed  to  the  purification  area  at  a  temperature  not  lower  than 
[45'  F.,  the  purification  of  sewage  by  broad  irrigation  may  probably  be 
'  effected  without  seritnis  interruption  from  troat,  although  wintt^r  puri- 
fication will  be  somewhat  less  effiiieut  than  that  during  the  warm 
months.  Below  a  mean  temperature  of  20'  to  2.1°  V.  purification  by 
broad  irrigation  will  probably  be  interrupted  considerably  by  frost. 

(2)  Purification  by  intermittent  filtration  can  probably  be  sucess- 
fully  worked  at  a  lower  temperature  tluni  broad  irrigation.  As  a  safe 
limit  W6  may  set  the  lowest  mean  aiv  temperature  at  about  18°  to 
20°  F. 
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(3)  TLe  quality  ■.aid  to  mpe  rat  lire  of  the  sol!  to  hv  used  will  iiiHtcnnlly 
ititlHeuce  the  result,  uin!  before  (iecitliiig  what  cau  he  rea«oiiably  ei- 
petteil  ill  jmy  given  loctility  we  need  to  know  the  physical  pruperti*!ii 
of  the  soil  to  be  used  an  well  as  the  meau  teinpenituro  uf  the  air  dnr- 
inp  the  winter  montliK. 

(4)  As  ii  corollary  to  (3)  we  may  say  that  sandy  soils  are  preferable 
for  liriHul  irrigation  and  intermittent  filtration,  not  only  on  account  of 
tUcir  open  th-sture.  but  becausL-  of  their  greater  capacity  for  retaining 
heat;  clay  and  hunms  are,  on  the  contrary,  the  poorest  soils  for  this 
purpose  by  reason  uf  thoii'  relatively  low  capacity  for  i-otaiuiiig  heat. 
The  close  textnie  of  clay  also  constitutes  another  serious  objertion  to 
its  use."  The  great  desideratum  of  successful  sewage  disponal  by 
broad  irrigation  or  intermittent  tiltratioii  in  winter  is  a  medium  which, 
Kctiag  in  conjunction  with  the  water,  will  prolong  to  the  utmost  limit 
tlie  time  of  congelation.  Siuid  answers  to  tliis  condition  better  than 
any  other  material. 

(5)  The  capiu'ity  of  a  titration  urea  to  absorb  and  retain  heat  in  win- 
ter will  hv  increased  by  making  the  upper  surfiu'e  an  inch  or  two  in 
depth  of  coarse  bhu-k  sand  or  dark  colored  gi-avel. 

(<>)  It  appdai-s  that  the  climate  of  the  greater  portion  of  the  United 
States  will  admit  of  ordinary  open  intermittent  filtration  in  the  avt-r- 
nge  winter.  Exceptions  to  this  are  however  found  in  portions  of  the 
northern  belt  of  States. 

{!)  Ill  grneral  we  may  siiy  that  in  any  of  the  Middle,  Central,  and 
Bouthern  States  a  very  efficient  purification  can  be  attained  by  broad 
irrigation  and  interniitttMit  filtration  at  all  seasons  of  the  year. 

*  Thptv  i»  A  RAkon^  howrvT.  "aIiv  i^Uj  iti^x  bcof  tbJucm  •  trwmgc  purifiolinn  mediuia,  nuufeij, 
tU  ivoulmr  iK^hAvicjr  with  f^fflfrtuw-  lo  urine 

Pliifi4M>r  Wikx,  in  hJA  invr«tig«tioii  en  the  Pnwr  of  Soils  to  Absorb  Manupe.  Joitr.  liof.  Afr 
Sop.  »t  EiiK  .  viil  \l.  p.  MB^  iramibn  the  fulinwiiig  eipedmetit : 

Tkrw  i|iiHaritie<  ol  fi«>li  iiiiae  of  '.'.(KIO  ktudi.  each,  mre  nieunnd  ont  into  similBr  (•Iwue*. 
With  fne-  i<<,rluiii  iM  n*vn  *t^ih;hl  of  wbili'  niM  «*a  mil'il  ;  with  anothor  it*  o*ii  weight  of  whtte 
Hav  :  th\^  IhiTtl  b-^inK  t-ft  wiUi«"it  lulmi^LtiiTT  pf  »ny  kuiiL  Wh«q  mmr^lt  inirnntl&t^ly  «ft«E  mLit 
HI--.  Ihr  aiiiil  •|it<(«ml  Ui  liare  Im  rtCrvt.  vhilr  thr  clujr  milium  luU  entitrlf  luM  Uit-  imell  of 
nniitf  Thr  thtee  f  U«*r«  nrr  t^rrrcl  lightly  with  l^l^ri  v>'1  P^^  in  k  wunn  pbK«,  J>einiE  rt- 
anil»<>i  (n<ni  tinin  la  tiiuo.  In  k  (<-«  h<>nr>  it  «u  fiiimil  ibat  the  urinr  nntAiBJng  mill  hiuV  tir- 
tuiii.<  ^!l):lllU  (niliiil ;  ih'u  fiilliio'il  llir  iiiiiinl  iiiin<'.  Iiai  the  qiiMitit'  oiib  mIiIcIi  the  rlnv  livl 
Ih^  11  inii>^l  4i*)  iKit  Ih^miho  initrii]  «1  «l[.  jtfiil  At  thv  t-n^l  at  lereD  orei^bt  ireck*  it  \mA  only  ilir  i*- 
auliii  Hnrll  of  Imh  iiiinr.  withoQI  th'  ■lijilil'^  piitn'tiiy.  !%«  sortue  tl  thr  cUy,  howi**t-r.  tc- 
ownc  kftvrmnl  coimd  willt  ■  Inxuiwit  cnvtb  of  roobrmt.  vUoh  liiil  not  bappoi  in  tbc  oUiBr 


Ptnfr— tf  Wmir  lik^wiu-  fniiDil  tlut  Alt^rinjE  urittm  tbion^  ^V  prevented  patrefihction  BtHl  Ictft 
iIr  ariiK  ••  if  (TT*h  (ot  ■  nxwih  •«  nwr*. 

Pwti»iir&  W.  Johnuo,  e(ta> Un  tan^oimt  Vfmimmt at  ProfcMor  ffay  in  lii>  Hnw  Cn>p> 
fti>»Hn,a8|.«BjJliwiwr«Ul«^«hlh*t— art— ■■JiT  «kicblk*Bilnpiinf  uHoeUslwtbvd 
tad  1-^"-*— '  bjr  nc*toiia>.  Ai  Ik*  nHit  of  Uevmi  uxl  Ik*  iwhtoIm  of  olhn  ■grieulwisl 
8lii«»l»W  wfcw  l>nBll«M*iia>  M*  dwd,  Ptaliiiig  John—a  bwiIqiIhi  thBl  it  It  uut  iiiiMiiirj 
Idr  Uw  Bitn^M  of  nttw  **  nMhrcB  niirittiMUMk.  bat  tkM  inaoliaelr.  at  kfMr  mdaiiau^ 
■  ■tttMfcrtiMyh-m Ifafc,  Hm^btlahwuipwl  wrfwHil^ hy  p— wg  pUnm.  Thettmw 
tt  bd  MMlb  bm  — lt-»»a^ij  mtntt  Unui  «■  tnkMj  lufdr  aqiUwd  by  PmfMKir  W^ 
ayavUMWK 


DEDUCTIONS.  M\ 

(8)  111  localities  where  the  climate  is  too  severe  for  purilicHtioii  by 
ordinary  open  intermittent  (iltrntiou  the  efficiency  of  the  process  luuy 
be  considerably  increased  by  covering  the  area,  either  partially  or 
wholly,  or  by  artificially  warming  the  sewage  before  application. 

(9)  Other  things  being  equal  purification  by  high  grade  intermittent 
filtration  is  cheaper  than  purification  by  chemical  precipitation.  As  a 
general  statement  we  may  say  that  this  still  holds  true  even  in  severe 
winter  climates  where  special  protection  of  the  filter  area  or  artificial 
warming  is  required. 


CHAPTER  STUL 


ON  BEGGIATOA  ALBA  AND  ITS  RELATION  TO  SEWAGE  EFFLCENT& 


Mb,  a.  W.  Bennett  lias  given  iii  a  paper  on  "  Fim^  Found  in  Sew- 
age ElHneuts,"  read  before  tlie  Americiui  Society  of  Microscopists  in 
1884,  an  account  of  BeijyiutiKi  alba  as  developing  in  immense  quantities 
in  several  sewage  etSiieuts  in  England.  Inasmuch  a.s  tbis  organism  is 
found  in  this  country  a  short  account  in  the  vray  of  extracts  from  some 
of  the  literature  may  be  properly  given  in  this  place.  Mr.  Bennett 
says: 

Tbis  organism  occnts  •bundantlv  in  the  efRneot  ureter  from  K«ivBge  works,  aod  ia 
Tell  kuonn  to  Koglisli  sanitarr engineeis  uuJer  ll>>!  Dame  of  the  "sewage  fnngnB." 
It  forms  ileuse,  lIoocnIeDt,  gmjish-wlute  mnxses  attaobeJ  to  tbe  bottom  and  side  of 
the  (.■iiaiiuel.  or  tu  oiilinarv  gret'D  nigs.  Under  the  mirroscope  it  is  seen  to  consist 
ol  au  imuiense  qnaatilv  of  colorless  tlireaiU,  with  but  liltle  or  no  cliloroiiliTll,  ftiil 
of  granular  pnitojilasiu,  and  containing  a  number  of  brigbt,  atroDglr  reflective, 
globnliir  parlielcs ;  it  is  tbe  Btyji'itwi  <ilh>i  of  Vaucber.  bat  differ*  sligbtlv  troiu 
Uie  trpical  form  i1escril>ed  bv  Zopf  (Spalt-)<ilee,  {>  TC).  Tbe  filaments  ai« 
bnuK'Uad,  either  dichulouiouslj  or  lal«rallv,  and  situated  either  at  the  base  of  tbe 
bruiji^lies  or  elsenbere,  aud  the  cells  are  frequeullv  remalkablr  coiislricted,  both 
abiive  and  below  the  septa.  The  ^.'lobnhLr  refringetit  particles  bare  beeu  determined 
bj  Gt'niian  eiiwriiuiiuters  to  coDsist  of  pars  sulphur,  and  are  most  coniiuo&lv  aita- 
atetl  immediatt-lv  below  each  septum,  but  sometimes  tonaids  the  centre  of  a  cell. 
or  mon!  geuelallv  diffused. 

Tlie  avslematiu  position  of  BaiJgi-iI'M  is  somewhat  obsoare.  Zopf  place*  it.  «itb- 
oot  hesitation,  among  the  lovest  seotion  of  fungi,  the  ScliiEomvceles,  wbicb  furtn 
oao  itifisiou  of  Siiehs'  primarv  class  of  Protophjta  It  mav.  in  fact,  be  regarded 
as  the  Lei<tiithvL\  condition  of  an  organi^ju  of  this  class,  haviug  also  its  corre- 
spoiidiug  lMi-ilUi«,  l^ot■ct^«,  nnd  spiriUiitn  conditions.  On  the  other  band,  it  a^^tears 
to  be  i-luselv  utiieil  to  tbe  O^i-illatoriie  lliiongh  Crenothrii. 

The  sourt-e  of  the  ^lubules  ot  snli>bur  contained  in  this  organism  is  a  verr  in- 
lAnestiug  question.  Tlie  B^j^/i-iU-i  is  not  neeessarilv  indioative  of  jiartiallT  decom- 
pOMd  semtge  :  it  mvurx  alio  in  Ibe  efflueut  water  fi\>m  maun  factories,  especially 
aaa  tagia  fitctories.  tAimeiies  etc..  tbermal  snlpbur  springs,  aa  neJl  as  in  draiiM 
Laersseti  {Vw  Kivptogumen,  p.  24),  gives  as  its  habitat  putrid  voter,  noi«om' 
ditfhrs.  Hie  fflluciils  of  montifaetoriraaud  minvral  s|idngs.  esjie«isll_T  all  tbeimal 
sulphur  spriiiRS  as  tUosu  of  ihe  .\l]»  and  Pyreneea,  Ais  la  CItspelle,  I>aths  uf 
ViiriiiiA,  etc.  It  apiiius,  Iberefoiv,  to  liava  th»po<R«ro(  ntraciing  mlpbur,  nnl 
oulr  fium  dec<iiu)Nis)iig  oimiiii'  lualler,  bat  aba  fron  ttie  niinenl  >.i))|i|iat<>»  dt»- 
soIv-hI  in  spiing  Bater.  Siil^ibur  tnav  be  »«t  free  tn  this  vst  bv  the  mnlnal  de- 
c^iiijaiciilion  o(  sotuMo  sulphiih"^  .ltd  ^^It>hitrs.  ItHiepemletitl*  of  the  soaic*  of 
suli-luirtu  Iho  or^uie  iiintlrr  -  i  the  sev^ge   itsvlf  tlMiv  ts  an  alwailBat 

aupplv  of  Ibis  rlriuenl  in  !)»■  -  nsnl  for  ]<Dri(Tiug  et  prt^|ijlatiiig  tlie 

aenagn,  vbiidi  nn>  uinallr  »nl|kli.ti^  .if  ^tlniuiua.  lliun,  and  pralo-ph-^phalB  ol  irDa. 

Tbe  fCTuwth  I'f  tlM>  w.t-sllnl  "  wwnt^  fnufpis "  mast  nxiloabtetlli .  iherefnre,  b« 
tcgwded  as  eviilenro  of  (be  iinMeuoe  in  tlie  vatrr  of  an  aluionBal  anvnonl  of  sat- 
fhilw  dedveil  oitiMC  ilitevilr  tiuui  m««^  or  trata  ihn  ^nbstaneos  turd  in  piirri|4- 
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tatiijg  it,  or  in  other  ways  in  maim  fact  ones.  But  there  seems  no  reason  to  beliere 
Hint  it  wilt  itself  have  auy  injuiluus  eQucts  oa  tlie  watm'.  It  h  (lilti<.'Ult  in  si?u  liow 
iLe  sulphur,  ouoe  set  freu,  (.■nn  aguin  eomUiue  witli  b.vilrogeii  to  foiLii  Miljihuretted 
hvili'D^eii  g.m  aa  Iuiiq;  as  the  oi'g;;auiaui  ia  gioiviug  iu  tUu  ivater.  luileed,  II  iillowed 
to  uct^uiiiiilate  nad  pei'ioilicallv  reiuoveil,  it  luuy  tend  to  puHFy  the  wuiui' by  ab- 
fltivutiiig  hum  it  some  of  the  undue  pi-oportiun  of  sulphur. 

At  the  Merton  Bewage  disposjil  works  of  the  Croydon,  Eugland, 
Rural  Sanittiry  Authority,  the  Bt'ijiiiatoii  tdha  Uiia  lieeii  the  sulijuct  ot 
iiitt'resliiif!  legiil  proceedings.  The  outfall  from  these  works  disc) large s 
into  a  large  pond  at  the  head  of  a  bye-wash  from  whence  the  effluent 
HowH  into  the  river  AVaudle.  After  the  discharge  into  the  pond  had 
continued  for  some  time,  complaints  were  made  by  adjoining  pro- 
prietors that  the  pond  had  become  the  source  of  a  serious  cffluviam 
nuisance,  and  one  of  the  riparian  owners  sought  to  restrain  the  Saui- 
tiiry  Authority  from  di.schnrgiug  the  effluent  into  the  pool.  An  exam- 
ination disclosed  the  fact  that  Beggiatua  grew  estcuaively  in  the 
umlerdrains  and  was  constantly  breaking  away  and  flowing  out  in 
the  effluent,  accompanied  by  enormous  quantities  of  vorticella. 

Mr.  Justice  Denmau,  who  before  deciding  the  case  himself  actually 
viewed  the  alleged  nuisance,  iu  his  decree,  says : 

The  water  which  flowa  into  the  bye-nosh  (and  here  I  speak  partly  from  personal 
olisei-vatioo)  containH  in  it  a,  very  large  quantity  of  wliat  is  called  sewage-fnugiis. 
The  evidence  about  tliat  substance  was  inleresting  and  eurious.  ...  It  Mas  said 
to  be  witliout  odor  whilst  alive,  but  witen  dead  to  he  cajialile  of  giving  olf  sul- 
pliiiretted  Uydr»gen,  and  so  becomini^  foul  to  the  nose.  My  own  ohHervation  ol 
wlial  was  happonini?;  hvst  TiieBilay,  coupled  witli  the  appeaninces  iu  the  pond  itself, 
and  tlie  evidences  of  Ihe  witnesses,  entirely  confirms  this  account.  ...  I  have 
no  diiubl  whatevei'  that  tliat  pnnd,  whifh  was  proved  to  have  been  clear  within  the 
liiit  four  or  five  year;*,  and  good  for  perch,  has  been  turned  into  a  very  Hlthy  pond 
mainly  liy  ihis  aj^eney.  ...  It  is,  1  think,  as  jdain  as  anyiliiiig  can  be,  tliat  a 
continual  discharge,  sacli  as  I  myself  saw  running  into  the  jiond  in  large  qnanii ties,  is 
"  1  di.snIiargH  of  sewage  or  liltliy  water  "  not  free  fnim  all  foul  or  noxious  matlara, 
anch  as  would  atTcot  or  deteriomte  the  piuity  and  quality  of  the  water  in  the  bye- 
wash,  but  that  it  has  Beriously  affected  and  deteriorated  it,  and  inoat  inevitably  da 


A  decree  of  perpetual  injunction  was  granted,  reatrainino:  the  Sani- 
tary Authority  from  polluting  the  pond  and  irapo.sing  a  line  of  $1,000. 
To  obviate  this  difficulty  fungus  filters  were  constructed,  and  the  Sani- 
tary Authority  acquired  the  poud  and  the  upper  part  of  the  bye-wash. 


CHAPTER  XIX. 


THE  EFFECT   OP  THE   POLLUTION  OF  STREAMS  BY  MANUFAOTCB- 
ING  WASTES  UPON  THE  LEFE  OP  FISH. 

This  division  of  our  snhject,  while  of  considei'able  iuiportancc,  hiis 
furnished  as  yet  comparatively  little  detailed  information  npon  which 
to  base  conduMious.  The  iiriueipnJ  inveatigationa  thns  fftr  are!  (1) 
Thost!  of  Penny  and  Adama  in  Scotland ;  t2)  those  of  Saare  and 
Schwab  in  Germany,  and  (3)  a  few  made  under  the  direction  of  the 
United  States  Fiah  Commissioner  in  this  country.  The  following 
gives  some  of  the  more  important  results  of  Penny  and  Adams'  esper 
iments. 

Penny  and  Adams'  Esi-eriments.* 

In  order  to  determine  the  efifect  of  various  substances  upon  fish, 
two  kinds  wore  selected,  namely,  the  minnow  and  the  goldfish.  These 
two  kinds  nf  fish  are  stated  to  possess  different  temperaments,  the 
minnow  being  remarkable  for  its  deliL-ate  vitality  and  for  the  fine 
sensibility  it  evinces  toward  all  kinds  of  disturbing  iutiuencee;  the 
goldfish,  on  the  other  hand,  is  eoniparatively  teniieious  of  life,  and 
possesses  a  sluggishness  of  naturi;  that  pt-rniits  suftii-ieiit  length  of 
time  for  observing  the  action  of  poisonous  agents. 

Before  Iwginning  the  experiments,  a  aufticient  stock  of  fish  was  se- 
cured and  stored  under  such  conditions  as  to  satisfy  the  experimenters 
that  the  fish  to  be  experimented  npon  were  in  a  healthy  state. 

The  experiments  included  a  trial  of  a  number  of  the  acids,  sulphuric, 
nitric,  muriatic,  etc;  of  the  mineral  salts,  sulphate  of  copper,  chloride 
of  lime,  acetate  of  lime,  etc.;  the  special  chemicals,  chlorine,  io<]in», 
etc.;  of  sumach,  madder,  logwood,  etc.;  and  various  miscellaneous  pol- 
luting matters,  such  as  furnace-cinders,  blood,  and  coal-tar. 

Of  the  mineral  acids,  the  nitric  and  sniphuric.  when  present  in  the 
pi-oportion  of  1  part  to  50,000,  killed  minnows;  but  goldfish  lived  iu 
the  same  proportion.  In  muriatic  acid,  both  lived  in  a  mixtnre  of  1 
part  to  50,000. 

Tannic  acid  killed  a  minnow  in  the  proportion  of  1  part  to  li.OOO, 
and  a  troldfish  with  1  part  to  7,000,  In  i^allic  acid.  1  part  to  7,000. 
both  died,  while  in  1  part  to  14,000  both  lived, 

■  Pomtii  H«port  of  tbfl  Riven  PdUiiIioii  ConimiMum,  voL  iL,  pp.  STi'^Ww 
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II  aeetiu  aciil,  n  uiiunow  lived  20  hours  before  succumbing  in  a  mixt- 
Tiif  uf  1  pitit  to  8,750 ;  a  goliltiah  lived  in  a  proportion  of  1  part  iu 
3.5011  fur  '20  Lours,  and  survived. 

In  carbolic  iitrid,  a  uiiiiiiow,  in  one  case,  subjected  to  tlie  action  of  1 
piiit  iu  70.000,  died  in  iO  minutes.  A  g-oldtish  died  iu  1  part  in  3,000 
but  lived  in  one  part  in  7,000. 

The  most  virulent  of  tlie  metallic  salts  was  sulphate  of  copper.  13ut!i 
uiiimows  and  •goldfish  died  in  a  ndsture  of  1  part  in  100,000;  both 
lived  in  a  mixture  uf  1  part  in  'iOO.OitO. 

Sufj-ar  of  lead,  alum,  salts  of  iron  and  potjish  are  all  destructive  of 
fisli  life  in  about  tlir  Kame  proportion,  niimely  1  part  in  4,000  The 
salts  of  potash,  the  bicarlvmate,  red  |>russiate,  and  yellow  prasaiata 
are  comparatively  harmless  ;  both  kinds  of  tisli  lived  iu  all  these  in  a 
mixture  of  1  part  in  500.  Witli  carlMimiti'  of  soda  a  minnow  died  in  1 
part  iu  17,500,  and  lived  in  1  part  in  35,000 ;  a  goldfish  lived  in  I  part 
iu  17,500. 

in  a  saturated  solution  of  chloiide  of  lime  a,  minnow  died  in  1  paii  in 
16,000  ;  both  lived  iu  1  part  in  21.000. 

In  a  saturated  solution  of  chlorine  both  lived  in  1  part  in  2,000, 
Iodine  and  bromine  killed  iu  a  mixture  of  1  part  iu  35,000. 

Caustic  potash,  when  present  in  1  part  in  35,000,  destroyed  a  minnow ; 
a  goldfish  was  destroyed  by  1  part  in  7,000,  but  lived  in  1  part  in  3.5,000. 

Galls  killed  a  minnow  in  1  part  in  2,808,  and  ijoldtisli.  1  part  in  930, 

Humach  and  madder  solutions  both  killed  a  minnow  1  part  in  7,000. 
Ill  sumach  solution  a  ^oldtish  lived  in  1  part  in  7,000,  but  in  madder 
of  the  same  strength  died. 

Iu  lajiled  logwood  ehips  both  kinds  of  tish  lived  in  1  part  in  '2,800; 
ill  logwood  extract  both  lived  in  1  part  iu  8,750, 

Linseed  oil  was  found  entirely  inmwnons  as  regards  fish  life. 

In  a  solution  of  crude  soap,  1  part  in  8,750,  a  goldfish  lived  for 
twenty  hours  luid  showed  no  after  ill  effects ;  in  double  that  strength  a 
strong  fish  died  in  six  hours. 

Table  So.  01.— OBNBrtAL  Rbsuitb  op  Pknnt  asti  Adamr'  Ekpkrimrnts  on  Fish. 
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Aslie8  and  oriliuiii-y  fiiniact)  cintlera  were  [oimii  to  be  speoitilly  dele 
teiiouH.  With  50i)  gniiua  of  furnace  artbtiB  to  a  gallon  of,  or  1  part  to 
liO,  water  a  luiniitiw  died  in  45  minutes  ;ind  ii  vigorous  goldlisli  in  fivt> 
and  ouy-hflif  binirs. 

Coul-tiu-  killed  u  goldfi«li  in  1  part  iu  8,750. 

Heavy  piti-b  oil  killed  both  minnow  and  froldfish,  1  part  in  35,(HX1;h 
golddsti  lived  1  part  in  70,000.  In  naphtha  a  minnow  lived  iu  1  part  in 
8,750. 

The  geueral  results  of  these  esperimeuts  are  given  iu  Table  No.  91. 


SaAHE  and  ScHWAJi'a  ExPEItlMENTR. 

Baare  and  Schwab  experimented  upon  tench  aud  trout.  They  fonnd 
that  liquids  coiitaiuiu^  from  O.Oi  to  0.005  of  one  per  cent,  of  a  bleach- 
iug  Molutiou  were  fatal  to  leuch,  while  a  solution  of  0.0008  were  fatal  to 
trout.  The  action  of  thu  chlorine,  which  is  the  destnietive  agent  in 
bleach  liquids,  was  found  to  be  increased  bv  the  presence  of  an  acid. 

Mercuric  chloriile  was  fatal  in  proportions  of  0.1  to  0.05  of  one  per 
cent.  Copper  sulphate  iu  0.1  and  1.0  per  ceut.  killed  trout  iu  a  few 
iniiuites.  Potassium  cyanide  killed  iu  the  proportion  of  0.01  to  0.005 
pur  cent. 

Carbolic  acid  was  found  fatal  to  trout  iu  proportions  between  0,01 
aud  0.005  per  cent.* 

EXTERmENTS  OP  THE  UnTTED  STATES  FiSH   COMMISSIOIT, 

A  number  of  papers  in  regard  to  the  influence  of  the  pollution  of 
streivms  upon  the  fisheries  have  appeared  iu  the  publications  of  the 
United  States  Fish  Commission,  the  more  important  of  which  are  aa 
follows : 

(1)  A  translation  of  a  paper  on  The  Injurious  Influence  on  Piscicult- 
ure of  the  Itcttiua:  Water  of  Flax  aud  Hemp,  by  E.  Reichard,  of  Jena.t" 
in  which  arc  given  the  results  of  a  series  of  experiments  on  the  inimer- 
BioD  of  a  tender  fish,  like  the  whiting  as  found  in  the  river  Salle,  and 
a  less  delicate  iish,  the  bastard  carp,  in  mixtures  of  various  proportions 
of  clear  water  and  retting  water.  The  retting  water  used  was  obtaiuod 
by  soaking  Hax  5  days. 

In  1  part  retting  water  and  3  parts  running  water  the  fish  immedi- 
ately showed  sifriiB  of  uneasiness  and  botU  died  Iu  the  ccmrse  of  12 
hours.  A  repetition  of  the  experiment  gave  the  result  that  the  fish 
died  in  3  hours. 

A  large  bastard  carp  lived  in  a  3  to  1  mixture  for  two  days,  but  lost- 

*  For  Sjuu-e  itnd  SdIiw&^j'b  picperiine'iti  in  iletiul.  ae«  A  rrftii>/iir  llyifUiu,  tdL  UL,  Flvl  L,  p.  St— 
t  Ana.  Rept  U.  tj.  FUh  CammueiuQDC,  18SU,  pp.  0I5-S50, 
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its  color  and  priuliially  grew  weaker  j  auil  although  a^ain  placed  in 
niuriiun:  water,  du:A  iil'ter  H  days. 

Ill  1  part  retting  wattn'  and  9  parts  runiiiug  water  the  fiah  quietly 
showed  siiiiis  of  sickness.  After  'li  hours  in  the  misture,  they  were 
ngain  plained  iu  ruuuing  water,  where  they  died  in  a  few  days. 

In  1  part  rettiii.ij  water  and  2  parts  riuiuing  water  small  tish  died 
verv  soon.  A  large  bastard  carp  wan  at  the  point  of  death  in  i'2  hours  ; 
it  was  then  removed  and  phieed  in  pure  running  water,  where  it  par- 
tially recovered,  but  died  in  two  weeks. 

ill  a  niixturi'  of  1  part  retting  water,  1-1  days  old,  and  4  porta  fresh 
water  the  tish  died  in  31!  hours. 

Fish  placnd  iu  a  mixture  of  1  part  retting  water,  3  weeks  old,  and  4 
p  u't.-i  fr.^sh  watnr  beeame  siek  and  changed  their  color,  but  revived  on 
transfer  to  fresh  water  afler  a  few  days. 

(2)  In  a  report  bv  Miirsliall  MeDonald,  on  the  Pollution  of  the  Poto- 
mac river  by  the  Discbarge  of  Wiiste  Praducts  from  Gas  Manufacture,* 
the  point  is  made  that  even  thoui;h  tho  discharge  of  the  waste  products 
sUoiild  S3am  to  have  no  injurious  eifact  in  driving  tho  hirger  fish  away, 
yet  such  disch:trge  and  tho  consequent  deposits  upon  the  bottom  may, 
by  destroying  their  food,  make  impossible  the  development  and  growth 
of  young  fish.  In  tho  case  examined  the  discharge  into  tho  river 
amounted  to  at  least  100  gallons  per  minute  of  tlie  waste  products  of 
gas  manufacture  ;  and  the  conclusion  at  which  Mr.  McDonald  arrives 
is  that  the  bottom  of  the  stream  is  affected  by  the  deposited  matter 
for  a  distance  of  several  miles, 

(3)  A  report  was  by  Mr.  McDonald  upon  the  Effect  of  Waste 
Products  from  Page's  Ammoniacal  Works  upon  Young  Shad  Fry.f 

A  series  of  espMrimouts  wore  made  with  mixtures  of  the  wastes  from 
the  Ammoniacal  Works  in  Potomac  river  water  of  various  degrees  of 
strength,  with  the  result  of  showing  that  a  distinctly  deleterious  influ- 
ence is  exerted  when  the  waste  products  are  present  to  the  amount  of 
1  gallon  to  400  gallons  of  the  river  water.  The  following  gives  the 
detail  of  the  three  last  experiments  of  the  series: 

One  hundred  newly  hatched  shad  were  put  in  20  ounces  of  mixture, 
0,5  per  cent,  strength  (  J  part  refuse  and  !)!)i  parts  water)  at  2  p.m., 
June  2;  ate  I'.m  ,  'J  fish  dead;  6  a.m.,  June  3,10  fish  dead;  6  a.m., 
Jane  i,  2j  tish  dead,  and  remaiuder  weak ;  6  P.M.,  June  0.  nil  dead. 

One  hundred  newlv  hatched  shad  were  put  in  20  ounces  of  mixture, 
0.2j  per  cent,  strength  (0.2)  part  refuse  and  911.75  parts  water)  at  2  p.m., 
June  2  ;  at  6  p.m.,  all  well ;  G  A.M.,  June  3,  four  fiah  dead  ;  6  A.M.,  June 
5, 16  fish  dead  ;  6  p.m.,  June  6,  67  fish  dead  :  6  A.M.,  June  7,  all  dead. 

One  hundred  newlv  hatched  shad  wore  put  iu  20  onn<'  s  of  Potomac 

■•  llolli^tin  r.(  the  U  3.  Piih  Onm'nisiion,  Tol  T,,  pp  Pii-lW, 
t  Bulletin,  eto.,   tol,   v.,  pp.  ill3-:n4. 


848  SEWAGE   DI8P03AL  IN  THB   UNITED  STATES. 

water  at  2  f.h.,  June  2 ;  but  tew  were  alive  at  noon  on  Jane  8,  and  the 
few  sbowe<i  but  little  vitality. 

Mr.  McDonald  observes  that  newly  hatched  shad  are  much  less  eenBi- 
tive  to  the  iujurious  influences  in  the  water  in  which  they  are,  than  are 
the  same  fish  after  their  sacs  have  been  absorbed  and  they  have  begun 
feeding. 

It  is  also  suggested  that  the  minute  food  of  young  shad  is  mort- 
sensitive  to  iujurious  influences  than  are  the  young-  fish  which  fee<I 
upon  them. 

The  authors'  observations  upon  the  haunts  of  minute  life  of  various 
kinds  is  corroborative  of  this  observation,  and  undoubtedly  one  ver>- 
marked  effect  of  stream  pollution,  as  regards  the  life  of  fish,  is  the 
driving  away  or  destruction  of  many  kinds  of  favorite  food. 

Experiments  have  shown  that  alewives,  which  are  epecially  sensitive 
to  sewage  pollution,  will  live  in  perfect  health  for  an  indefinite  period 
in  the  effluents  from  intermittent  sand  filters.  The  same  fish  died 
when  placed  for  a  abort  time  in  the  effluents  from  chemical  proeessee. 


CHAPTER  XX. 


CONOLUBIONS  TO  PABT  I. 

The  Royal  Commission  ou  Motropolitiui  Sewage  Diecharge  remarkti 
in  its  second  repoi-t  that  tlie  sittinfitfturv  aohitiuu  of  sevfagc  disposal 
proLlema  is  a  matter  of  extreme  ditliculty.  The  udditiouiil  lemiirk 
may  be  properly  made  tliat  sewage  disposal  will  always  be  a  mittter 
of  considerable  espouse.  As  a  problem  in  economics,  therefore,  the 
qitc'stiou  may  be  stated  somewhat  as  follows: 

Hai'imi  given  a  h^x-viJiL-  cam:  iifatwofjc  iHsjiiKai,  it  in  required  fo  delevmine 
the  meiknd  oftiviiiiiieiit  or  pur\fietiiion  which  will  best  satisfy  all  the  attend- 
ant sitnitai-y  ciwlilioiLs  lehdleetr  llwif  nui//  be  :  vxpe^iae  so  far  as  compatible 
irith  till- forci/oi III/  to  be  h-jil  ai  a  iniiiimuiii. 

Wlien  stated  in  this  foiin  it  at  once  becomes  uppiirent  tlmt  the  so- 
Iwtion  of  sewage  disposal  problems  will  require  the  hitrbust  skill  of 
traiued  sanitary  speciidists. 

As  re<;ardH  the  various  methods  of  disposal  dist^ussed  In  the  preced- 
ing chapters  it  may  be  stated  by  way  of  final  conclusion,  that : 

(1)  Discharge  into  tidal  or  other  large  body  of  water  will  be  ordi- 
narily, indcpendeut  of  other  considerations,  the  cheaptist  method  of 
disposal.  Such  discharge  should  never  be  permitted  into  bodies  of 
fresh  water  which  are  the  sources  of  public  water-supplies  ut  any  point 
within  the  intluence  of  the  sewage.  The  range  of  iuHuence  in  streams 
has  been  detiued  in  general  terms  in  the  preceding  chapters. 

Moreover,  in  order  to  obtain  the  best  i-esults  from  the  self  purilieM- 
tiou  proees.seB,  the  quantity  of  water  into  which  raw  sewage  is  dis- 
charged should  always  be  largo  enoiigh  to  dilute  the  sewage  from 
thirty  to  iifty-fold.* 
B  (2)  Sewage  may  be  greatly  improved  by  chemical  treatment  but  we 
H  have  aa  yet  no  reason  for  supposing  either  that  ehemicallv  purified 
H  sewage  ia  fit  to  drink  or  even  that  it  may  be  safely  permitted  to  How 
Hinto  streams  used  as  public  water-supplies.  Other  things  beiug  equal, 
I  the  expense  of  chemical  purification  will  be  greater  than  that  of  either 
H  broad  irrigation  or  intermittent  filtration. 
H      With  reference  to  American  conditions  it  may  bo  stated  aa  a  general 

^^     *  Set  Bag.  Baewil,  >ul.  mri..  So.  at  [Mm.  12,  18Ui).  p.  3S0.    '•  PiiiiaoUoa  at  Sewagf  by  Ml- 
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propOBifioii  that  chemical  trcittmeut  only  applies  iii  those  places  where 
land  purification  is  iiupracti cable. 

(3)  Broad  irrigation  oll'ers  a  rational  and  efficient  method  of  sewage  | 
purification,  nlthough  the  relatively  hiyh  price  of  common  labor  in 
tliis  country  will  limit  ita  application  here.  The  use,  howevei-,  of  the 
silo  for  preserving:  the  large  forage  crops  naturally  produced  Liy 
sewage  farming,  and  the  consequent  extension  to  dairying,  will  he 
likely  to  lead  to  its  gradual  adoption  in  the  more  thickly  settled  por- 
tions uf  the  coiintry.  In  the  arid  regions  of  the  West  the  scarcity  of 
water  haa  already  led  to  a  considerable  development  of  sewage  irriga- 
tion, as  we  have  indicated  in  detail  in  Chapter  XLIV.,  in  Part  IL 

From  an  economic  point  of  view  a  marked  advantage  of  brood  irri- 
gation is  that  the  sum  realized  from  the  sale  of  the  produce  assists  in 
reducing  the  net  cost  of  the  purification.  The  most  marked  disad- 
vantage is  that  the  sewage  must  be  cared  for  in  all  sorta  of  wejither, 
whether  required  for  the  crops  or  not.  While,  therefore,  it  is  impossible 
to  say  that  broad  irrigation  can  always  bo  conducted  at  a  profit,  it  is 
nevertheless  true  that  it  will  ofi'er  in  many  cases  a,  cheap  and  efficient 
method  of  sewage  purification.  The  probable  limit  of  temperature  at 
which  it  can  be  carried  on  in  winter  has  been  indicated  in  Chapter 
XVII. 

(i)  Taking  into  account  all  the  elements  of  the  problem,  intermittent 
filtnition  is  the  most  practicable  method  ol  purifying  sewage  thus  far 
worked  out.  Its  efHuenta,  when  the  beat  possible  standard  is  main- 
tained, may  flow  without  prejudice  into  streams  used  as  public  water- 
supplies,  while  the  moderate  areas  required  for  its  application  permit 
its  use  in  the  majority  of  cases  where  any  sort  of  jiuritication  is  re- 
quired. 

As  regards  the  use  of  intermittent  filtration  in  winter,  we  may  pred- 
icate from  present  information  a  fairly  successful  purification  from 
properly  managed  areas,  even  in  extreme  cold  weather. 


PART  II. 
DESCRIPTIONS    OF    WORKS. 


CHAPTER  XXI. 
PAIL  SYSTEM  AT  HEMLOCK  LAKE. 

The  domestic  water  supply  of  the  city  of  Rochester,  New  York,  is 
obtiiiued  from  Hemlock  lake,  in  the  County  of  Livingston,  about  30 
mileij  southerly  from  and  at  an  elevation  of  38G  feet  above  the  city. 

Hemlock  lake  is  about  seven  milea  long  and  J  mile  wide.  It  oc- 
cupies the  northern  extremity  of  a  deep,  narrow  valley,  15  miles  long. 
Tite  shores  of  the  lake  are  bluff  and  steep,  rising  to  a  height  of  from 
SOO  to  700  feet,  and  along  the  beach  are  mostly  covered  with  a  growth 
of  timber.     The  average  depth  is  over  40  feet. 

About  the  time  at  which  Hemlock  lake  was  utilized  as  a  source  of 
water  supply  for  the  city  the  attention  of  the  citizens  of  Rochester,  as 
well  as  those  of  surrounding  eities  and  towns,  waa  attracted  to  the 
lake  as  a  desirable  point  for  summer  residence.* 

In  181)2  there  were  in  use  about  120  cottages  and  several  hotels  or 
summer  boarding -ho  uses,  and  the  summer  population,  including 
transient  visitors,  was  from  800  to  1,000  persons. 

The  gradual  growth  of  this  large  summer  population,  living  directly 
on  the  shores  of  the  lake,  and  using  it  not  ojdy  as  the  source  of  water 
supply  but  also  allowing  all  refuse  substances,  including  contents  of 
privies,  to  drain  into  it,  had  its  natural  effect  in  a  probable  marked 
I  deterioration  of  the  quality  of  the  water,t  and  the  necessity  for  an 
efficient  sanitary  protection  of  this  watershed  accorflingly  became 
self-evident.  In  the  spring  of  188.')  a  comidete  sanitary  survey  was 
[made  and  sketch  plans  prepared  of  every  source  of  pollution  about 

•  Set  Iilth  An.  It«pC.  of  the  Ei.  Bil.  o£  the  City  iif  Itocbpstar  (or  eitimstes  in  detail  of  pcrniii- 

Dent  uid  trannii^Iit  iinpnlntion  in  the  v&rinnn  f;otta^p<,  ptirmnnent  rcflJd^iio^^B,  hoie1§,  etc      During 

■lul;  und  Aii^ixt  there  ix  stated  to  be.  probably,  u  isjnitunt  populalioa  of  ■bout  l,SO0.  wliioh  ia 

buEcly  incTj^A^p^d  on  hoUdftys  and  by  npeciikl  eicnrHiimif. 

1  Sw  ( 1)  On  the  Mii.TO-org»n!Bmii  in  Ilnniloult  VVati't,  by  Gci).    Vf.  Kifler  ( IS8.S) ;  und  (2)  A 

I  Report  on  an  nnilemia  of  Tyjihoi'l  Pvvrt  at  Springmter,  N.  Y.,  in  Ootulivr  and  Novembar.  1860, 

Lly  Geo.  W.  Batter  Mid  M.  L  MMIorjr  (IHOO}. 
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flic  liiko.  At  tht<  same  tiiiii?  the  Statu  Bniinl  <if  Health,  iiiuler  the  pro- 
visiuuH  of  tile  net  alieaily  refurred  to  on  jiajjp  71  foiiuulatwl  rules  iind 
regulations  for  the  saiiitary  pruteetioij  of  this  watBi'-ahed  (see  Apjieii 
i!is  III.).  These  regulatious  pi-oviilc :  (1)  That  privies,  pi*>'-])L!iis,  ajiil 
haru-yanls  Kholl  not  lie  kirated  over  or  ailj!u.-eut  to  any  stream,  spring, 
or  dry  watcr-cuiiifle  tri!)utary  to  Ihi'  hilie,  where  the  contents  ean  reach 
the  \ake;  (2)  that  any  privy  sitnated  within  51)  feol  of  any  spring, 
strenni  or  (hy  water-eourse,  or  ravine,  must  be  construtted  without  a 
vault,  and  provided  luid^r  the  seats  witii  water-tight  receptacles  tor 
night-soil,  which  shall  be  frequently  removed,  emptied,  cleaned,  and 

returned,  and  the  couletitB 

^^k\J,"V\ut  T  t  t^S'^   \ftat4  ^At.' 


buried  in  the  earth  in  such 
a  maimer  that  they  cannot 
reach  any  water-ci>ui'se  or 
permanent  level  of  subsoil 
water. 

Further,  no  manufactur- 
ing wiiste  is  allowed  to  be 
discharged  or  drained  into 
any  spring,  stream,  or  dry 
water-course  on  saiii  water- 
shed. The  same  restric- 
tion applies  to  depositing 
dead  animals,  birds,  lish. 
decayed  fruit,  lenves,  saw- 
dust, roots,  brandies  or 
trunks  of  trees  in  any 
spring,  dry  water-conrsa, 
or  in  the  lake  itself.  The 
washing  of  sheep  or  other 
auinmls  in  the  lake  or  any 
of  its  tributaries  is  iiJao 
jirohibited. 
The  provisions  relating  to  houses,  cottages,  tenements,  tents,  nnd 
picnic  grounds  within  200  feet  of  the  shores  of  the  take  may  l«?  sum- 
marized as  follows:  Each  property  is  furnished  with  at  b-ast  ouo 
privy  set  upon  the  surface  of  the  ground,  without  a.  vault,  and  so  con- 
stnicted  that  metallic  pails,  15  inches  high  by  15  inches  in  diameter, 
can  be  placed  under  the  seats  and  easily  removed  with  their  contents. 
This  pail  is  shown  by  Fig.  30  A. 

Tile  occupants  are  required  daily  to  add  dry  loam  in  Rmall  quan- 
tities, as  a  deodorizer  and  absorbent.  It  is  also  made  the  duty  of  the 
occupant  to  provide  a  receptacle  for  garbage  and  to  place  the  same 
therein.     Hlop  or  wash  water  is  to  ha  scattered  upon  the  anrface  of 
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the  grouud  at  a  distauue  from  either  the  laku,  or  auy  ravine  or  water- 
course, iiud  the  poiut»  at  which  slops  are  deposited  frequently  chauged. 

Aiiimul  miiuureii  fi-om  stiibles  are  to  Ije  depusited  in  tig'lit  covered 
reueptac-his  juid  the  coiiteiitM  frequently  ruinovt-il. 

Tlie  city  of  lloehesti^r  furnishes  under  the  niles  a  sufticieut  number 
(if  Dietallii.'  pails  for  the  use  of  each  privy  within  200  feet  of  the  lake 
uiid  is  required  to  remove,  empty,  t-leauHe,  and  disiufetit  the  same  as 
often  as  necessary.  Whenever  a  full  pail  ia  reniovcd  au  empty  one  is 
supplied  in  its  place.  The  pails  during  removal  are  provided  with 
air-tiglit  covers,  so  that  no  odor  ean  escape.  The  contents  of  the  pails, 
ttjgctlier  with  the  dry  garbage,  are  removed  to  a  point  below  the  foot 
of  the  lake  and  buried. 

Id  practice,  the  night-soil  and  garbage  is  eolleeted  and  removed  to 
the  foot  of  the  take  by  means  of  a  broad,  flat-bottomed  steamboat,  the 
coUoctiona  being  usually  made  in  the  early  morning.  From  the 
steamboat  huiding  at  the  foot  of  the  lake  the  night  soil  and  garbage 
are  transported  by  a.  tramway  about  1,S00  feet  to  the  sanitary  building 
and  disposal  ^■rolmdH,  where  it  ia  treated  as  follows  :  NaiTow  trenches 
are  excavateil,  care  being  taken  that  the  permanent  level  of  the  sub- 
soil water  is  not  reached,  and  the  contents  of  the  pails  are  deposited 
thi'rein  in  thin  layers,  and  immediately  covered  with  dry  loam  to  a 
depth  of  sis  inches.  Tliis  process  is  repeated  day  by  day  until  the 
treuch  is  nearly  tilled,  when  the  balance  is  rounded  up  with  earth  and 
a  new  trench  staited.  The  location  of  the  trenches  is  recorded,  the 
sui-face  cultivated  and  crojiped,  and  after  a  suitable  period  the  same 
land  again  used.  A  trench  500  feet  in  length  has  proved  sufficient  for 
B  year's  operation,  and  as  these  trenches  need  not  be  more  than  three 
feet  apart,  a  small  area  is  sulHcient  for  the  purpnse. 

The  cans,  as  emptieil,  are  taken  to  a  sanitary  building,  which  is 
piMvided  with  au  elevated  tank  tilled  with  a  solution  of  copperas, 
and  other  uccessary  appliances  for  washing,  cleansing,  deodorizing, 
and  drying  the  cans.  The  cans  are  constructeil  nf  heavy  galvanized 
iron,  coated,  inside  and  out,  with  black  asphalt  varnish.  In  cleansing 
the  cans,  if  necessary,  more  active  deo<lorij:iug  and  disinfecting  agents 
thau  copperas  are  employed. 

The  process  has  been  ho  conducted  that  local  prejudice  has  sub- 
sided and  tears  as  to  possible  otTensive  odors  in  the  neighborhood  al- 
layed. In  the  sanitar.y  building  and  about  the  grounds  no  offensive 
odors  are  discemilile,  although  during  the  year  1890  the  contents  of 
3.128  cans  and  80  tubs  of  garbage  were  thus  removed  and  treated.* 

*Sec  {■!  P*|>er  hv  J.  Ncliion  Tuhbi  in  PToc«dint;»  af  thr  llth    An.  Minting  nt  the   Am    W. 
WkL  Anin.  lOfTcinnil,  18^).  pp.  18  'Xt. 
PI)  TbeBvirnt  An.  Rcptu  ,  Rocb.  W.  Wks..  Ig^il  to  IgitJ.  indnaivc. 

(S)  Bni;.  And  Bldg.  Rcc.  vol.  nil.,  p.  41 S  (Nov.  Hi.  14UU),  where  illuatntlDiii  of  kpplUnoe*  maf 
I  tic  found,  ■nil  rrnm  whieh  Fig,  HOA  hu  been  t>,ken. 
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In  connection  witb  the  disposul  by  bnrijil  of  this  refuse  organic  mat 
ter  from  the  habitations  ou  tiie  shores  of  Hemlock  lake,  it  may  be  of 
interest  to  note  that  the  soil  in  the  trenches  which  were  tilled  one,  two, 
anil  three  years  before,  was  cxamineil  in  November,  1890,  to  ascertain 
whether  complete  decomposition  had  taken  place.  The  escavatioun 
disclosed  the  following  facts :  In  trench  No.  8,  used  in  1888,  no  quick- 
lime was  employed  to  hasten  decomposition ;  nevertheless  the  soil  ex- 
hibited no  trace  of  putrescible  matter,  either  by  appearance  or  odor. 
In  trench  No.  2,  used  in  1869,  quicklime  had  been  strewn  upon  each 
layer  of  organic  refuse  as  it  had  bean  deposited  and  then  covered  with 
a  layer  of  earth,  but  although  traces  of  the  lime  and  a  discoloration  of 
the  soil  could  plainly  be  seen,  yet  the  earth  was  entirely  free  from  auy 
unpleasiuit  odor.  The  excavation  was  made  aliout  three  feet  deep.  In 
trench  No.  1,  burial  with  the  use  of  lime  was  commenced  in  May,  1890, 
and  only  partial  decomposition  was  fouud  to  have  occurred  after  the 
lapse  of  six  or  seven  months.  Jt  was  also  found,  as  anticipated,  thiit 
the  destruction  of  the  organic  matter  took  place  much  more  quickly 
near  the  surface  that  at  a  depth  of  three  feet.  The  soil  is  a  clayey 
loam,  whose  surface  is  from  four  to  tive  feet  above  the  level  of  the  water 
in  the  outlet.  From  these  examinations  it  appears  that  shallow 
trenches  are  better  than  deep  ones,  and  after  a  period  of  three  years 
the  indication  is  that  the  same  trench  can  lie  used  again.  The  trendies 
were  tigain  examined  in  November,  1891,  with  the  result  that  a  decom- 
position of  the  organic  wastes,  similar  to  that  already  described,  wan 
observed.* 

This  Hemlock  lake  pail  system  is  operated  chiefly  by  steamlwat  fi.ir 
the  summer  season,  only  a  few  of  the  habitations  being  in  use  the 
balance  of  the  year.  In  winter  the  necessary  collections  are  made  by 
wagon.  The  total  cost  of  operation  during  the  municipal  year  ending 
April  6, 18'J1,  was  as  follows  :  f 

Wages  of  steamboat  engineer  and  crew  ami  other  labor  involved  in 

collpcting  I'xiTetft,  Kailmgp,  etc.,  dnring  open  seasou. 8i,41!l.tW 

Oost  o(  collpction  liy  coiitinft  Uiiiinj;  winter 103  (13 

Curtnce  of  coiil  and  BUpplieH  tat  boat 21  00 

tVial  for  Bheaniljoal , 65  67 

Oopperas  and  clilorido  of  liiue 9,80 

A,«pbultiini  jiniiii  nnrt  oil  (!440 

MtiviiiK  pig- pens  lo  otter  locutions , , IS  UO 

Miscellaneoua  cipensea  ftuil  vojMiirs 47.6] 

Total ,. , , . . .       81.73il.« 

•I.Mli  An.  Kept.  Ki  Hi  rlly  or  RothMti-i-.  tiirjur  Milling  April  fl.  1801,  p.  43.  AImsmIWi 
Ropt .  !■.  B'.' 

t  Kiiini  June  I,  IXCI,  Ui  (.V.>i>h.t  I  nt  Ih-  mw  ye}u,t\icrc  viiir  cullr-i'tcd  bv  xfiiinlHimt  R,UO(l|iill> 
nf  Mi:relJi.  171  tiilj*  of  t:»'l'IW-  ■"''  "'i  |mil"  "(  'lenii  fiih.  Ffuiii  Octuhrll.  |HWl.  to  April  t,  I*!, 
the  (^iillF.'tiiii:*  vnr  niaAe  liy  vngon  uiil  row-b«l,  idJ  a(niiiiiil«.l  to  l.'.liS  p^Im,  the  mat  of  tU> 
totter  «i  vins  I'L-ii.B  (li  jjct  week. 
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:im 


Diii'iug  the  yeiii' there  was  also  ei^peuded  in  the  wuy  of  permanent 
aiMItiiins  to  pluiit  and  rciiowids,  the  sum  of  $3o2.18. 

The  appi'oximiite  lirst  cnst  of  the  penuiiiieiit  phiut  ie  given  by  the 
foUiJwing  statfmi'ut,  whieh  is  made  iu  detail  in  order  to  show  what  the 
ksHveml  itiiuia  makiug  Up  the  total  cost  of  siicli  a  plant  really  are : 


(1) 
(2) 

(3) 
(4) 

(r» 

(Si 
(7) 
(8) 
(0) 
(10) 
(11) 

i  12) 


Simitiii'v  surveys  ami  uxflcuiuiiLioim,  uiiil  law  exjienscw  ultemiiiig 
iimilgilL'illioii  of  system  in  18M5 

MiU'veyH  [or  and  prcpiiiiitipii  ot  [)laiis  nt  siinitajT  lmililiti[;,  lake 
IiiL'i-,  ti-aniway.  and  otlier  iit-iiiianont  tixtiiivc  und  .tii]ifriiitcn- 
liwieu  of  const  ruction,  cftiLiiiiteii  at 

Fi''ime  Imilding,  elcviitcd  tnuli,  and  adilitioutt  to  t>anie  uitice 
origiual  couslniction.  iui-lndiiii;  iiisiilc  tittiiigx,  puinp,  etc 

Flat-boltom  scow  iu  use  foi-  tinl.  three  years   , 

Original  roud  from  liikn  tu  sanitary  Imildiiig 

Original  landing  dock  ai  lake 

Fiir  {icrmaueiit  pior  4<)0  fet't  long,  and  tramway  1,800  feet  long. . 

Ti-aiii-cai-8 

Flat,  liotloiii  steamliimt.  with  Kmall  row-b(«it 

Uemodt?liiug  about  IW  privies  for  reception  ot  jiails,. 

For  mctjillic  sanitai'j  ]inils,  tiWHsportation  of  same,  pW   

Miscellaneous,  including  land  (partly  aatimated) ; , 


8206. :m 


5()0.l)(t 

«50.22 

U9.77 

3!t.59 

11.2I> 

i.WiO.S.'i 

57,  W) 

1,W7.'20 

6SJ.47 

1,25(1.17 

■2aU.8M 


Total  approximate  cost  ot  permanent  plant  to  April  6,  1891        $10,1)00. ItO* 


Tlio  total  cost  of  operation  for  six  years  is  shown  by  the  following 
1  statement: 


iTor  the  municipul  year  ending  April  5,  1880 1. 
"  "  "  "  "    4.  1887., , 

"  "  ■'  "  '■     2.  ISSfl.. 

■'  "  1,  1889... 

•'  ' 7,  18SHI. .. 

■'  '■  6,  1801  ., 


Totkl  cost  of  operation  tor  six  yeAtn. 


»497.4flt 

1.525,58 
l.itSl.oa 
1. 740. 78 
3,912.09t 
1.739.46 

810.876.9:1 


During  the  ais  year.s  of  operation  which  are  here  included,  from 
18,000  to  20,000  piiils  of  night  soil,  garbage,  and  dead  fish  have  been 
isposed  of  by  this  pnil  syntem. 

The  expense  of  doing'  this  work,  both  in  first  eost  and  annual  cost  of 
■pei-ation,  is  evidently  mueli  greater  than  it  would  he  for  a  similar 
performance  in  a  town  or  city.  The  peculiar  nature  of  the  plant  and 
the  long  distances  eovered  may  be  taken  us  the  main  reasons  for  this. 


r  •  til  thu  total  a(  (10,1)00  ia  iiioludeil  the  cnlt  ot  nil  new  metallic;  pailn  puroliaicd  lo  Ajiril  11. 
IttOI,  ^rne  of  tliHfle  are  properly  chargeable  to  roDewiklfe.  but  by  rtanoD  uf  the  impoAjiibillty  iif 
■Irleimining  fiom  thn  accoiint*  a«  kept  Jimt  where  renown!  BlopFi  and  legitimate  incrcaBU  of  plant 
h*-|>inii,  all  «iieh  expi'n^M^  are  grOTi^it'd  together  in  ttom  {l\).  The  plant  may  now  be  eniieiJerud 
oniaplete  and  fully  mdeqimlfl  tji  perform  the  work  requireii  of  it  without  further  extonsion,  and 
Vniu  this  timo  on  expenneB  uf  the  nort  under  i:on»iderat]on  may  be  properly  ohtrgcd  to  Tenewals, 

*  Vinl  year,  not  in  oporation  for  the  whole  neanon. 

t  The  ctatcment  for  tliip  year  containa  a  large  amount  of  lubor  properly  ohargeable  tct  utber  ac- 
oanala  which  cannot  now  be  aeguratHl.  The  expenaes  of  operation  proper  probably  did  not  eioeed 
■boot  II. TOO. 
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The  moving:  of  the  pails  by  boat,  and  the  cODStmctioD  of  a  pier  for 
facilitatingr  such  moving  at  all  stages  of  the  lake,  is  an  imperative 
necessity  due  to  the  peculiar  situatioD.  The  west  side  of  the  lake,  on 
which  is  located  a  considerable  number  of  the  cottages,  is  absolutely 
inaccessible  except  by  water ;  the  cottiers  themselves,  even,  going  to 
their  temporary  homes  by  boat  from  the  opposite  side.  As  yet  we  have 
no  pail  system  in  a  town  with  which  to  compare  the  figures  as  given  for 
this  exceptional  case. 


CHAPTER  XXn. 

THE  FDIiLERTON  AVENUE  CONDUIT  AND  THE  BBIDOEPOBT  PUMP. 
ESG  STATION.  AT  CHICAGO. 

The  fitmdu&l  increase  iu  the  pollution  of  the  two  branches  of  ths 
Chicago  river  on  account  of  receiving  larger  and  larger  amounts  ot 
sewage  from  year  to  year  led  in  1874  to  the  beginning  of  the  foustnic- 
tion  of  the  Fullerton  Avenue  Conduit,  wbioh  was  designed  especially 
for  the  relief  of  the  North  branch.  The  plan  adopted  included  the 
oonstruetion  of  an  open  out  and  tunnel  condiiit  from  the  river  to  the 
lake,  and  the  erection  of  machinery  for  operating  a  screw  by  which 
a  current  of  water  could  be  seat  at  will,  either  from  the  lake  to  the 
river,  or  fi'oui  the  rivor  to  the  lake,  asjuight  bo  necessary  at  ditferent 
stages  of  the  lake  to  secure  the  most  thorough  Huahiug  of  the  river. 

The  Fullerton  Avenue  Conduit. 

So  far  as  the  authors  know,  up  to  that  time  no  similar  plan  for  sew- 
age disposal  had  been  carried  out  anywhere,  probably  because  just  the 
conditions  which  seemed  to  necessitate  this  particular  arrangement 
had  not  occnri'ed  in  any  other  place.  Since  then  a  similar  arrange- 
ment has  been  carried  out  at  Milwaukee,  aud  we  may  accordingly  in- 
clude a  description  of  the  Fullerton  Aveniie  Conduit,  and  its  pumping 
machinery,  as  involving  on  the  whole  a  somewhat  unique  method  of 
^Bswage  disposal,  at  any  rate  so  far  as  its  mechanical  features  are  con- 
jed.* 
Owing  to  the  failure  of  the  original  contractors,  and  other  causes 
of  delay,  the  Fullerton  Avenue  Conduit  was  not  completed  ready  for 
'  operation  until  January,  1880.  The  following  description  of  its  pro- 
portions and  principal  mechanical  features  as  originally  carried  out, 
taken  in  conjunction  with  Figs.  31  and  32  will  give  a  general  idea  of 
I  this  work.f 

Tho  conduit  is  of  brick,  circular  in  section,  12  feet  internal  diameter, 
[and  11,85)8  feet  long,  from  the  lake  shaft  to  the  North  Branch  of  the 

*  For  extended  ditciTMion  of  (ome  of  the  engini^pring  featnrra  of  the  Fullerton  Arenas  Cooilnit 

f  iwc  ■  pupiT  Pnllerlon  AvuDiio  Coiiiliiit,  Bto.,  by  Lyman  K  Cnolp)-,  C.  B.,  in  Bng.  Nam,  vol  ili., 

pp  -iVi,  2'iO.  2i&  i  July  I,  !4.  and  L.'i.  ISTO).     A  paper  deKcriptiiE  of  the  Milwaukee  plant  was  prs- 

imted  by  Goo.  H.  Bentenlierg,  M.  Ani.  Scic.  C  B..  Imffire  the  International  Enginoering  CongrMi 

U,  ClikiLgo,  ID  Aogliit,  IH'.Kt.     The  paptc  will  bf  pubUshed  in  Tr&nii.  Am.  Soc  C.  K. 

4  Alwtiwib  d  (rom  the  4tli  Ao.  Itept.  of  Che  Uept,  of  Hiibliu  Wurkii,  oto..  of  Ohiongo,  fortha 

I  yan  ending  Deo.  31,  IS71),  pp.  TU-75. 
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Chicago  river.     The  b'lttum  of  tliti  invi-rt  from  the  river  to  Racine 
avenue,  a  length   of  i,270  fir-et,  is  level,  and  13  feet  below  the  tity 
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datnin.  East  of  nacine  avenue  there  is  a  verticftl  reversed  curve  cxmi 
necting  the  upper  imd  lower  grades  of  the  conduit,  which  lattt-r  af  tlill 
point  is  27i  feet  lieluw  diituni.     The  ttmuel  L-ontinueH  by  a  Boriec  *i 


THE   FUJ.J,HKTON    AVENUli  CONDUIT. 


3f)9 


Itlc^udadiug  grades  to  th«  lake-shoiv  tiLaft,  where  tbe  invert  in  54^  feet 

I  below  city  ilatuiu.     Frum  tlie  sLore  HUuft  tn  tlif  luktMlisuhiirge  shaft, 

I  a.  dkttuioe  of  1,000  feet,  tho  (-omhiit  is  level.     From  tlie  North  Bniiiuh 

to  Buciue  uveDue  the  work  wa»  iu  upeu  cut,  aud  from  Kaciue  uveuue 


eastward  in  ttinnel,  the  grade  followed  the  level  of  fluitable  amimd 
for  tuniielliDp:. 

The  upper  part  of  the  lake  ehaft  is  n  ciist-iroo  cylinder.  1^  inc^lies 
thick,  14  feet  2^  inches  outside  diameter,  and  24  feet  loug,  cast  iu  sit 
sections  of  fonr  feet  each,  and  bolted  together  with  internul  Hauges. 
The  cylinder  is  lined  with  brick  maaoury,  makiiig  it  12  feet  internal 
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diameter.     The  part  of  the  sbiift  below  the  cylinder  is  also  12  feet  in- 
ternal diameter. 

The  top  uf  the  eylinder  is  4i  feet  below  city  datum,  and  located  in  a 
wooden  (jliamber,  34  "18  feet  inside,  with  openingrs  on  the  east  side 
into  the  lake.  These  opeuiugs  are  fitted  with  gates,  which  aie  iutendeti 
to  be  closed  only  when  the  cover  is  on  the  shaft,  in  order  to  prevent  il 
being  lifted  or  damaged  by  the  violence  of  the  waves.  At  this  end  thi' 
water  may  be  shut  off  from  the  conduit  by  a  L-onicul  covt^r  of  lioiler 
plate,  on  thu  lower  end  of  which  is  a  strong  flange,  inclined  at  an 
angle  of  45°  with  the  horizon,  imd  tittiiig  ou  a  similar  Hange,  cast  on 
the  top  of  the  shaft,  with  a  packing  of  India  ml>ber  tubing  between 
the  two  flanges,  making  a  iierfectly  water-tight  joint.  The  cover  pro- 
jects above  the  water,  and  is  provided  with  an  opening  to  allow  access 
to  the  shaft. 

The  shaft  is  protected  fi-om  the  violeuce  of  the  waves  by  a  iiier  uf 
pilework  secni-ely  braced  together,  and  filled  at  the  ends  to  the  level  of 
the  water  with  loose  stones  or  riprap,  and  built  so  as  to  offer  the  least 
resistance  to  ice  and  storms  ;  on  the  pier  and  over  the  shaft  is  a  frame 
house  in  which  is  fixetl  a  winch  for  raising  or  lowering  the  cover  <jf 
the  shaft.  The  shafts  at  the  lake  shore,  LaiTabee  street,  and  Hhefficld 
avenue,  are  12  feet  internal  diameter,  being  bnilt  of  a  size  to  afford 
suitable  facilities  for  working  during  the  construction  of  the  coniluit. 
At  each  street  intersection  are  shafts  of  6  feet  internal  diameter,  witli 
eyes  or  junctions  formed  in  them  at  suitalile  depths  to  afford  reaily 
means  to  connect  with  the  sewerage  systum  if  it  is  found  desirable  to 
do  so. 

These  shafts  are  carried  up  to  the  level  of  the  street,  domed  over, 
with  openings  on  top  for  access,  and  covered  with  strong  (rovers,  and 
all  provided  with  ladder  irons.  At  the  river  end,  where  thi"  niachiner>- 
is  located,  the  conduit  is  divided  into  two  semicircular  channrls, 
which  pass  one  on  each  side  of  a  wronght-iron  chamber.  After  pass- 
ing the  chamber  the  two  channels  are  again  united  to  form  one  chan- 
nel, of  the  same  size  and  section  lis  the  main  conduit,  which  is  con- 
tinued to  the  outlet  on  the  river.  The  outlet  is  protected  by  a  heavy 
masonry  dock  wall,  in  which  is  fixed  a  screen  of  iron  rods  fi>r  the  pur- 
pose of  preventing  floating  debris  from  entering  the  tunnel  and  oh- 
structing  the  screws  when  tbr-  ouri'ent  is  from  the  river  to  the  lakfi. 

The  water  is  forced  through  the  conduit  by  means  of  two  scrt-wa 
similar  to  those  of  an  ordinary  propeller,  one  fixed  at  each  end  ol  a 
horizontal  whatt  40  feet  in  lensrth,  and  placed  in  the  centre  line  of  tli« 
'conduit.  This  shaft  passes  through  a  boat-sbaped  iron  chamber.  10 
feet  in  its  greatest  diameter,  and  secured  to  mJisoniy  fonndatioua  liy 
98  two-inch  Ixills.  All  joints  in  the  chamber  an-  calked  and  madt- 
water-tight,     The  motive  power  is  two  siughv cylinder  cundeusing  en- 
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set 


I,  with  cylinders  20  incIieB  diameter  atid  3(1  inches  stroke,  with  side 
valves,  cnt-off  motion,  and  reversino^  gear,  in  order  to  |>ermit  them  to 
run  either  way.  The  eugrinea  are  placed  on  top  of  thf  cliandjer  at  the 
level  of  the  engine-house  floor. 

The  driviug-eluift  is  8  inches  in  diameter  and  m&de  iu  three  see- 
tiouB.  The  engines  are  couplod  to  the  middk'  or  crauk  section  by 
connecting-rods  16  feet  long.  This  section  also  carries  the  eccentrics 
for  working  the  valves  and  is  supported  on  pillow-lilocks  bolted  to 
the  masonry  foundations.  The  end  sections  are  connected  to  the 
middle  by  couplings,  which  have  a  longitudinal  play  sufficient  to  pre- 
vent the  thrust  being  communicated  to  the  middle  section.  They  are 
also  provided  with  an  adjustable  device  to  pi-event  the  thrust  and 
wear  from  the  screw  comiug  upon  the  end  post  of  the  chamber. 

The  original  Kcrewa  were  four-bladed,  6  feet  7  iuches  diameter,  with 
a  pitch  of  8  feet.  The  back  aud  forward  edges  of  the  blades  were  pi-o- 
jected  upon  a  plane  parallel  to  the  axis,  and  parallel  one  to  another, 
and  the  blades  as  foreshortened  in  projection  were  made  12  inches  in 
width,  giving  the  total  area  of  the  four  blades  of  each  screw  one-half 
of  the  total  area  of  a  complete  turn  of  the  helicoid.  The  original 
screws  were,  however,  removed  in  1882  and  a  set  8  feet  in  diameter 
Bubstituted  iu  their  place. 

There  are  three  cylindrical  boilers,  16  feet  long  and  66  inches 
diameter,  with  forty  6-inch  longitudinal  tubes  in  each  boiler.  Each 
boiler  has  30  Hipiare  feet  of  grate  sni-face  and  1,(HI0  s<|uare  feet  of 
heating  surface,  and  is  connected  with  a  brick  chimney  3^  feet  square 
inside  and  100  feet  high.  The  boilers  are  designed  to  bear  a  constant 
pressure  of  80  ponnds  per  square  inch  above  the  atmospluTe,  although 
it  is  not  intended  to  work  them  with  more  than  fiO  pounds  pressuri'  of 
cteam. 

The  engines  are  designed  to  work  at  a  uniri>rm  rate  of  lOllrevdiitions 
per  minute,  and  required  to  make  as  many  as  12.^  revol ution.-*  per 
minute  without  injury. 

The  jiortion  of  the  conduit    suri'oundiug  the  shaft  chamber   mid  at 

■h  end  of  the  same,  a  total  Icngtii  of  64  feet,  is  lined  with  a  circnlar 

timber  lining,  funnel-shaped   at  the  ends.     At  each  end  the   lining  is 

112  feet  insitle  iliameter,  from  thence  forward  it  is  contracted  iu  size, 
uid  at  the  screws  it  is  only  one  inch  more  in  diameter  than  the  screws. 
In  designing  the  miichinery  there  was  some  doubt  as  to  the  best 
eize  and  form  of  the  screw,  there  being  no  precedent  of  a  pi-i>peller 
wheel  used  for  forcing  water  in  a  conlined  channel,  luid  the  lining 
of  the  screw  chamber  was  ;»ccordingly  made  somewhat  of  a  temporary 
character,  easily  altered  and  adapted  to  any  size  and  form  of  wheel 
which  from  experience  might  be  found  best  and  most  economical  to 
perform  the  required  work. 


I 
I 


aes 


SEWAOK   DISPOfiAI.   IN   THK   INITKD   STATES. 


To  art'ord  t!iis,v  iiuiiesH  to  that  part  of  the  comlnit  wlierc  fhi-  scit-wa 
art',  two  (.'irfulnr  slide-'jiites  arc  placed,  one  at  fiK'ii  eiid  of  the  (.■iig'iiiL-- 
rooni,  atxiut  92  ft^et  apart ;  the»e  gates  are  12  feet  dear  opening,  niadt; 
of  hoiler  plate  iiud  faced  with  brass ;  in  the  centre  of  cath  gate  is  a 
ttuppleiiieiitary  gate  3G  iiiihcn  diameter,  to  relieve  the  pressuro  from 
the  Urge  gati-  when  requireil.  Thu  gates  ai-e  operated  by  worm  gear 
phiL-fd  hi  the  engine  room,  and  when  elo.scd  the  poi-tion  of  the  con 
duit  hetweeii  the  gates  oau  be  pumped  dry  iu  a  short  time,  s*>  that  thi' 
neeessary  repaii's  or  alterations  can  be  lujule  in  thf?  screws. 

In  order  to  ascertain  the  head  of  water  against  the  screws,  two  wells 
are  built  adjacent  to  eaxsh  other,  each  connected  with  the  conduit  by  a 
4-incb  pipe,  one  to  the  west  of  the  shaft  chamlier  and  the  other  to  tho 
east  of  it. 

The  original  eost  of  the  Fullertou  Avenue  Conduit,  including  the 
ptimping  macliinery,  was  about  $.565,000. 

Thk  BwixiKi'oirr  PujtriNo  Station, 

In  1883  the  present  pumping  plant  at  Bridgeport,  which  was  de- 
signed to  force  n  larger  qnantity  of  water  than  had  previously  beeii 
possible  from  the  South  Branch  of  the  Chicitgo  river  into  the  IlUnniH 
iiiid  Miehigan  canal  was  completed  ready  for  operalioii.  This  "cuk, 
as  hading  to  disposal  of  the  sewage  liowing  into  the  South  Brunch, 
Miay.  be  now  described,  reference  also  being  had  to  Figs.  33  to  37, 
inclusive.* 

The  building  ix  located  across  the  ohl  channel  of  the  canal,  about 
2lio  feet  west  of  the  South  river,  as  shown  in  Fig.  33.  The  intlnent 
ciiannel,  fiO  feet  wide,  was  dredged  to  a  depth  of  10  feet  below  city  da- 
tum. Its  sides  are  vertical  and  maintained  by  a  timber  dock  bnilt  in 
the  usual  manner.  The  eftiiient  channel  was  excavated  to  a  di-])th  of 
fi  feet  below  city  datum,  auti  the  side  slopes  paved  with  stone,  llie 
jiosition  of  the  boiler  and  engine-houses  in  reference  to  the  channels 
is  so  fully  shown  on  the  aceorapnnving  plan,  Fig,  33,  as  to  render 
description  nnnei'es.sary.  The  machinery  consists  of  four  sets  of  een- 
trifugal  pumps,  having  a  combined  capacity  of  about  50,(KK)(noininntly 
GO. 000)  cubic  feet  of  water  per  minute,  raised  to  a  height  of  eight  fwt.t 

Each  set  consists  of  two  centrifugal  pnmps  placed  in  a  dry  well 
Iwlow  the  surfiwe  of  the  water  in  the  river,  and  driven  direct  by  a  ver- 
tical condensing  compimnd  engine,  with  high-pressure   cylinder  IS 

•  Ab.ti»ptmi  (roni  TU.  An,  Rupt  of  Ohicigi.  Bd.  Poh    Works  tor  ymr  I8HB 

t  Tlie  niUrtfrmort  of  Ihr  pumping  plant  lo  K  oiip»cily  ot  IIW.OOO  cobie  fwt  per  luiniil*  ha*  turn 
bi'giin  'irKM'  Ihii  ulio^c:  vft»  vritt^ri.  Tb^  oontnot  i>AEU'd  for  eii^hl  nnduljttin^  pump4.  «<Lch  vttUi  a 
c«p«oityc.f  13..VXi<ru!iief™i  jifrniiiiul*.  Ixit  WMPondiUnnpd  iipnn  ihn  •noe«»of  Mi*(iT«l  twopump^ 
whiohwErH«(*"IJnly  I"  l*S-  Sec  Kng.  Srwa,  ...1.  m_.  p  TOiJnIyST.  IIWI),  for  rroillUof  tMK 
illnBtntinn  anil  dcwription  of  nrw  puiii|>.  nweni  aptratioo  of  olJ,  uiil  nmililion  of  the  CUmm 
riTFT  In  ISllit 
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.ohes  diameter,  botli  being:  34  inches  stroke.      Hurface  condensation 
effected  by  a  series  of  pipe  condensers  placed  in  the  current  of 
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ater  in  the  influent  channel,  and  so  devised  tliat  each  may  be  hoisted 
tparately  out  of  the  water,  and  cleaned  or  repaired,  and  tlien  replaced 
ithont  emptying  the  channel  or  interferinfj^  with  the  operation  of  the 
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others.  The  air-pumps  are  imli:pi.'iiili-(]l.  luid  lucatetl  iu  the  Jry  weU» 
The  [miiip-wheeU  art-  cast  iron,  (i  ft-ft  dimueter,  of  the  fonu  tnhoWQ  liy 
the  aecompmiymg  ih-iiwiii^a.  Each  is  fumiwhed  with  separate  sup- 
ply ami  disehiirs-e  pipes,  which  are  3i  fatit  diiinieter  at  the  pump,  ami 
uiorGosud  giadually  to  4^  feet  by  4i  feet  at  the  outlet.     They  are  pro- 


'Hin  UM 


r* 


pjo,  :jfl.  —  LoNorrnniMAj.  Skction  of  Okk  Ski  mf  BHtiwRroHT  rnMi*isg  RnniNm. 


vided  with  gates  to  shut  off  the  water,  whirh  are  opt'rated  on  the  fl«>or 
of  the  engine-room- 

Ench  pump  is  coupled  direct  to  the  engine  criink-ehaft.  which  may 
be  conveniently  disconnected,  if  desired,  by  removing-  the  coupliug- 
hiiltn  The  engines  are  adapted  for  running  at  liigli  speed,  and  ore 
provided  with  adjuBtable  cut-oiT  valveft.  All  wrriring  (surfaces  are  o( 
steel,  with  boxes  of  phosphor-bronze. 

There  are  eiglit  horizontal  return  tubular  boilei-s.  oach  6jj  feot  iu 
diitnictt^-,  ;md  l'^  feet  \»]\-s.  nnd  <-oiitiuiiitig  (to  ttibim,  i-acli  4i  iuch<")« 
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ueter  and  18  feet  long.  Tlie  boilers  are  desifpied  to  withstand  a 
ssnre  of  80  pounds  per  square  inch,  and  are  provided  with  the 
U  gagea  and  valves.    Each  set  of  boilers  is  connected  with  a  9-iiich 


m-pipe  in  the  en^ne-room,  from  which  smaller  branches  lead  to 

different  en  grimes, 

tie  water  of  condensation  is  delivered  into  boiler-iron  tanks,  and 

1  there  returned  to  the  boilers  by  two   steam  feed-pumps,  each 

ng  S-inch  steam  and  6-inch  water  cylinder. 

or  the  purpose  of  determining-  the  capacity  of  the  pnmps,  a  mov- 
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ftbld  weir  was  constmcted  acroBs  the  effluent  channel  near  its  jonotion 
with  the  canal,  with  four  openingB,  each  10  feet  wide,  with  knife 
edges. 

To  prevent  the  water  returning  into  the  river  from  the  canal  a  timber 
lock  was  constructed  in  the  canal  a  short  distance  east  of  the  jonctiou 
of  the  influent  channel.  The  walls  are  of  crib-work,  built  with  2x8 
iuoh  timbei-s,  laid  flat,  one  on  top  of  the  other,  spiked  together  and  filled 
with  stone.  The  chamber  is  240  feet  long  between  gates,  and  19  feet 
wide.  The  floor  is  formed  of  10x12  sleepers,  bedded  in  the  ground  and 
covered  with  two  thicknesses  of  2-inch  plank.  This  floor  extends  be- 
yond the  chamber  to  the  nose  of  the  crib-work. 

Outside  of  the  lock  are  waste-gates,  38  feet  wide,  to  be  opened 
when  the  works  are  not  running  during  flood-time,  or  when  the 
works  are  not  in  operation  from  any  cause,  so  as  to  leave  as  large 
a  way  as  possible  for  the  passage  of  water.  The  gates,  biIIb,  and 
quoins  are  of  white-oak  timber,  framed  together  and  sheeted  with 
pine,  and  have  slnice-vaJves  in  the  bottom  operated  by  levels  and 
ntcks. 

The  total  cost  of  these  works  was  about  $270,00a 
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CHAPTER  XXIIL 

"OTEMICAL     PBECtPITATION     PLANTS    AT    CONEY    ISLAND,    BOUND 
LAKE,  WHITE  PLAINS.  AND  SREEPSHEAD  BAY.  NEW  YORK. 

The  disposiil  plants  tit  Coney  Islaud,  Kouud  Lake,  White  FlaiDs, 
and  Slieepaheatl  Baj%  New  York,  all  employ  the  same  general  system 
of  p mi ti cation  aiid  may  thcTpfoio  he  described  together.  This  process, 
in  brief,  consists  of  the  iiutuinatic  introduction  of  liine  and  perchloride 
of  iron  to  sewage  in  precipitatiu;^  tanks,  the  deodorization  imd  disin- 
fection of  the  slud^^e,  or,  if  desired,  of  all  the  sewage,  by  chlorine,  and 
the  removal  of  the  newase  from  one  compartment  of  the  tanks  to 
another  and  finally  to  the  effluent  pipe  by  menus  of  sipUona,  the  latter 
also  efftieting  the  ehang'e  of  level  in  the  tanks  which  causes  the  auto- 
matic introduction  of  the  precipitants  in  the  desired  quantities.  The 
system  was  designed  by  J.  J.  Powers,  C.  E.,  Brooklyn,  who  holds  pat- 
ents on  certain  features. 

Coney  Island. 

The  first  of  the  four  plants  to  be  put  in  operation  was  that  at  Co- 
ney Island,  in  1887.  This  place  is  a  well-kuowu  sea-side  summer  re- 
sort near  New  York  and  Brooklyn,  the  sanitary  condition  of  which 
some  ten  years  ago  was  deplorable.* 

In  1884  the  New  York  Lejjislature  empowered  the  Board  of  Health 
of  the  town  of  Gravesend  to  eonstnict  sewerage  and  sewage  disposal 
systems  in  any  district  of  the  town  upon  petition  of  a  majority  of  the 
property -owners  of  the  district  affected.  Since  that  date  the  Board  of 
Health  has  built  sewage  purification  plants  for  both  the  Coney  Island 
and  Sheepshead  Bay  districts,  after  designs  by  Mr.  Powers.  The  plans 
for  the  Coney  Island  plant  were  submitted  in  a  competition  and  were 
approved  by  Robert  Van  Buren,  M,  Am.  8oc.  C.  E. 

The  Coney  Island  plant,  being  the  first  one  constructed,  is  the  sim- 
plest of  the  four,  but  is  essentially  like  the  others  except  in  minor 

■See  remltB  of  an  iovestii^tioii  by  W.  P.  Gnrhard.  C.  B..   Eng.  Newn.  vol.  ilv..  pp.  1781-83 
■nd  310-914  (Bept   \0  md  OA  8.  tSW),      These  artioleo  dwcribe  Iho  «ewaw  d  iinuil  mcthnda 
idopt^d  prior  tn  ^ep^.^  ISHTp,  by  thv  largo  hoteU  at  BiLgbton  and  Manhattan  Ik-acIifh.  vnaie  of 
wliiob  »eeei  to  have  b«a  the  pteanraorK  nf  tliu  Powen  ptoceis  m  appliwl  to  town  boitmge. 
24 
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details  and  comparative  sinalliiess  uf  the  tmika.  Percliloride  of  mm 
was  the  only  jjiecipitimt  used  until  the  fall  of  1892,  siuce  which  tini^i 
lime  has  also  bcc3U  used. 

A  sketch  plau  and  approximate  longitudinal  section  of  the  plant  aii^ 
nhown  by  Figa.  38  and  39.  Tsvo  24-iuch  trunk  Hewers  join  in  a  SO-incli 
|)ipe  near  the  works,  which  linmcht's  to  supply  sewage  to  the  two 
halves  of  the  tauks.  The  wewage  settles  and  is  scroened  in  the  lii^t 
tank,  lime  being  useil  to  increase  the  sedimentatioii  siiice  the  fall  uf 
1H92,  A  T-overtlow  fonveyH  the  sewiigv  luto  the  next  compartment, 
wheie  perchloride  of  irou  m  added  automatically.    A  siphon  dischargtvt 
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Fie.  38.— Skbtcr  Plan. 
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Fio.  38. — LoNorrumKAi,  Sbction  Throogh  TANK^^  »nd  E'dhp  Wrll. 

this  compartment,  when  full,  into  the  jiump-well.  The  change  in  tbi> 
level  of  sewage  in  this  tank  operates  a  float-valve  to  discharge  the  per- 
cliloride of  iron  from  a  tank  provided  for  the  purpose.  Tlie  uiethixi 
employed  to  introduce  the  chlorine  into  the  sludge  is  describcil 
further  on. 

The  first  year  the  works  were  operated  the  sludge  was  carried  away 
by  a  scow,  thi'  works  being  chsse  by  Coney  Island  creek.  For  tht- 
last  few  years  the  sludge  has  been  mixed  with  sawdust  and  burned  iii 
an  Engle  garbage  crematory  shown  in  plan  at  the  end  of  the  building. 
Fig.  38. 

Two  Davidson  puTnps  lift  the  effluent  a  few  feet  and  discharge  it 
through  a  pipe  into  salt  water. 

The  summer  population  and  visitors  at  Coney  labuid  piiibably  bx- 
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Vceed  100,000  ior  a.  few  lioura  on  some  days.     The  census  of  June,  IH'M), 
showed  a  population  of  3,313  in  the  incorporated  village  of  Coney 

I  Island.* 
Bound  Lake, 
The  second  plant  built  under  the  Powers  patents  is  located  at 
Round  Lake.  It  needs  but  brief  description,  since  it  ia  only  au 
elaboration  of  the  Coney  Island  plant  with  details  chaufjed  to  suit 
local  requirements.  AVilliam  B.  Landreth,  M.  Am.  Soc.  C.E..  was  the 
desi<riiitig,  and  J,  Leland  Fitz-^erald,  M,  Am.  Soc.  C.E,.  the  coii.strnct- 
i  ins  engineer,  these  two  gentlemen  having  been  ansuciiited  at  the  time 
■under  the  firm  name  of  Ijandrotli  &  Fitzf^erald,  of  Schenectady,  New 
■  York.  Mr.  Fitzgerald  described  the  works  in  detail  in  Fii-e  and  Water 
I  for  February  li.  1891.  The  following  in  slightly  abbreviated  from  a 
H  condensation  of  the  above  paper,  combined  with  later  information, 
"  which  appeared  in  Enffhieei'lmj  Naws  of  October  20, 1802  ; 

Bound  Lake  is  a  summer  resort  near  Saratoga  Hprings  which  has 

•  developed  from  a  camp-meeting  ground  with  tents  (or  shelter  to  a  col- 
lection of  cottages  and  other  buildings  which  serve  a  permanent  popu- 
lation of  about  400  and  a  summer  population  averaging  1,500,  perhaps, 
I  with  7,000  or  more   people   on   the  grounds  during  some  days.     The 
cottages  and  property  are  owned  by  the  Round  Lake  Association,  of 
which  J.  D.  Rogers  ia  superintendent. 
Waterworks  and  a  sewerage  system  were  built  in  1887,  the  sewere 
haring  been  laid  iu  the  same  trench  as  the  water-mains.     Money  to 
pay  for  the  water  and  sewer  systems  was  raised  by  subscription  and 
lot  assessment. 
A  restricted  amount  of  surface  water  is  admitted  to  the  sewers  in 
Kthe  centre  of  the  village  only.     The  buildings  are  so  dose  together 
^tliat  a  single  house  drain  serves  from  two  to  six  buildings,  thus  reduc- 
ing the  total  length  of  the  sewi'vs  proper. 

I    The  only  available  water  into  whi(^h  the  sewage  could  be  diseli:irged 
was  Bounil  lake,  close  by   which  the  buildings   are    located.      Soma 
iorm  of  pntitication  was  therefore  necessary.     Broad   irrigation   was 
out   of  the  question,  as  a  nufficient  area  iiceessible  by  giiivity   eoidil 
pot   be  secured.     .4.n  area  of    three  acres  was   chosen   for   downward 
intermittent  tiltratiim,  the  location  being  governed  by  distance  frtuu 
the  resideni-e  section  rather  than  l>y  wuitability  for  the  purpose.     The 
laud   needed  grading  and  underdraining.     K^a  nothing  of  the  sort  was 
lAone  except  to  lay  a  few  lines  of  tile,  pntitication  was  not  efi'ecteil  and 
fa  nuisance  arose.     It  was  tinally  decided  to  put  iu  a  plant  for  cheniit^al 
[treatment  and  the  process  of  Mr.  Powi-rs  was  adopted. 

*  A  mori:  tlptatled  dew;ri}}ticiTi  iif  l}ii»  ptAiit  !■  ^i^'uri  in  Sug.   Newft,  vnl.    \i[vi'i..  p.  .SfH  ^.Oitt, 
,  WtH.     Mr.  [}iikjer  liiilHl  tlic  diapnnnl  worki  nhorllv  Wnn  the  dnte  Jiiil  nwncd  and  fmuid 
llbsiD,  uppkrciiUy,  at  sicoUi'Dt  eomlition. 
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A  sectional  plan  of  the  piirification  works  is  shown  by  Fig.  40  and 
severaJ  \ertical  sections  by  Fig.  41. 

The  pit  A,  Fig.  40,  in  the  iii-st  compartment,  is  designed  to  letniu  n 
large  pjut  of  the  sluilge.  The  screens  S  detain  nil  large  objects  whith 
have  not  settled,  tlieie  being  a  screen  or  stop  at  the  siuface  to  intercept 
floating  miitter  and  a  mesh  screen  placed  across  the  channeL  The 
sewage  pauses  into  the  siphon  chamber  GB  through  the  inverted 
triipped  overflow  O.  The  Kixilion  SI  removes  the  sewiige  automatically 
from  tlB  to  the  long  narrow  chamber  C,  from  which  it  overflows  into 
D  and  again  into  L,  from  which  the  tinal  siphon  SI  delivers  it  into  thfl 
manhole  N.  From  this  manhole  the  efilueut  passes  through  a  pipe 
to  the  lake,  70O  or  800  feet  distant. 

The  lime  is  admitted  to  the  sewage,  as  it  enters  the  first  compart- 
ment, from  the  left  end  of  the  lime  tank  LI,  The  perehloride  of  iron 
is  admitted  to  the  sewage  before  it  iiasses  through  the  first  siphon, 
being  discharged  from  the  measuring  tank  MT,  which  is  connected 
with  the  storage  tank  CI.  Both  the  lime  and  perehloride  of  iron  ore 
diiiclmrged  autnuiatioally  tluoiigh  feed-cocks  worked  by  lever-floats. 
For  Ihe  lime  tank  a  spring  tnpped  liy  a  Ciuu  on  the  lever  is  usetb  The 
chlorine  generators  CH  are  in  a  semi-detached  building  at  the  left 
ventilated  by  Inuvrcs. 

When  the  precipitating  tank  -^FGB  is  cleaned  the  liquid  is  first 
drawn  off  into  the  final  settling  tank  through  the  valves  shown  in  tli« 
plan,  Fig.  40,  after  which  the  more  fluid  portion  of  the  sludge  in  the 
pit  A  is,  or  may  be,  pumped  into  the  i>ther  side  for  further  treatment 
bv  means  of  the  centrifugal  hiiud-|>ump  located  at  P.  in  compartment 
E  Pi-ovist«n  seems  to  havi'  been  made,  also,  for  pumping  from  the 
pits  H  and  M  by  centrifugal  liand-pnmps.  Such  sludge  as  is  not 
pumped  from  pit  .\  has  some  absorU-nt  mixed  with  it  (rharcual-dust 
has  l)een  used  some  of  the  timel  after  which  it  is  shovelled  into  an  irtin 
bucket,  lifted  by  a  difl'erential  hoist  and  finally  conveyed  to  a  cart  by 
means  of  im  overhead  trolley, 

>Ir,  Fitzgerald  states  that  for  the  two  seasons  1889  and  181)0  it  wb«^ 
unnecessary  to  remove  the  slmlge  fi-om  the  pits  H  and  M  more  than 
once  or  twice  in  the  season  ;  but  that  it  was  necessary  to  remove  the 
Blndge  from  pit  A  every  four  days  during  the  season ;  that  ehemicaU 
were  not  used  in  winter,  sedimentation  being  sufficient  for  the  actual 
population  of  only  400;  that  for  the  two  years,  the  avenigo  cost  of 
laWr  and  repairs  had  bt*en  ^-iM)  per  year,  and  of  cbemicala,  $150. 

In  August.  J,  1>.  Uoger*.  rtiipi>rintendent,  wrote  that  .Inring  the 
past  season  lime  and  perL-hloride  of  iron  had  been  used,  but  that 
chlorine  hail  not  been  used,  becaus«>  a  cock  could  not  be  obtaiued  thai 
would  "  hold  nut  against  the  corrosion  of  the  chemicals  more  than  aj 
few  weeks,"  after  which  it  became  dangerous.     The  plant  had  been 
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very  wull  without  the  chlorine  and  the  coat  ot  its  operation  had  tlinit 
been  lessened.  The  cost  of  itiuniu^  the  ptntit  for  1892,  Mr.  Ilogi-r* 
stated,  would  be  about  $150,  iucluiliu^  chemicals  and  labor,  while  tb«_ 
reButtmg  fertilizer  would  be  worth  about  $30. 


\\'Hrra  Plainh. 

This  plant  and  that  at  Sbeepshead  Bay  were  built  at  about  tl; 
same  time  aud  differ  more  in  engineering  desig'ii  aud  conBtructinu 
than  in  the  details  of  the  procfss,  oxeept  that  tio  tiual  settlement  of  (li« 
effluent  is  provided  at  SUeepHheiul  Bnv  The  prDcess  in  its  luteq 
developments  is  described  sufficiently  iu  detail  below  for  an  uiidv 
Htanding  of  its  esHentiiil  featurnH : 

Wliite  Plains  is  a  subiub  of  Niiw  York,  located  on  the  New  York  iiuilj 
Harlem   Railroad,  22  miles  from  the  42d  street  station.     Its  popnl 
tion  by  the  census  of  18!)0  was  4,042. 

A  public  water  supply  wiw  introduced  in  18S5.     On  Sept.   1.   ll' 
there  were  about  15  miles  of  wuter  mains  aud  1511  taps,  the  oouRiim| 
tion  of  water  beiug  at  the  rate  of  al.iout  350,0110  gidlous  ptn-  day. 

The  eewerag'e  system  was  put  iu  use  about  March  1,  1892.  it  bavii 
been  under  construction  for  some  time  previously.     Wtii.  13.  Laudrut 
M.  Am.  Hoc.  C.E.,  Schenectady,  New  York,  made  the  plans  for  the  pi[ 
system,  which  were  approved  in  1889  by  the  State  Board  of  Health 
New  York.     Wm.  B.  Rider,  C.E.,  of  South  Norwalk,  Oonui'cticut.  w( 
made  cugiuoer  of  the  work  after  construction  started,  and  later  E. 
Bolton,  C.E.,  now  of  Brookliue,  Massachusetts,  was  made  engiu' 
and  under  him  the  works  were  completed.     Geo.  K.  Byrne,  (_M"'., 
Byriii!  &.  Darling,  White  Plaiuti,  was  resident  engineer  iu  chiirgn 
ooustniction  under  Mr.  Bolton. 

About  ten  miles  of  sewers  are  now  in  use.     Prom  April  1  to  8ept.  U 
1892,  222  sewer  couuectious  were  made.     Prior  to  April   1    iiliout ' 
connections  had  been  made. 

The  separate   system  is  used,  with  about  -50  Hush   tanks,  must 
Rhodes- Williams  with  a  few  Viui  Vranken.     There  arl^  aliout  100  luii 
holes  in  the  system,  with  perforated  covers.     As  must  of  the   roiwls 
streets  are  of  dirt  these  perforated  covers  admit  muuh  dirt  Ut  tl 
Bewers,  increasing  the  amount  of  sludge  at  the  purification  wortw. 
addition,  the  attendant  in  chti.rge  of  the  works  states  that  v, '; 
ooiinectious  are  made  with  the  sowers  some  house-owuers  tal> 
tagL-  of  the  opportunity  to  empty  their  cesspools. 

Almut  2i  miles  of  underdrains  were  laid  about  on  tUe  same  levol : 
the  sewers,  aa  deemed  necessary.     These  underdraina  dtrtchargi'  in| 
brooks  where  most  convenient. 

A  24-inch  trunk  sewer,  about  7,000  feet  long,  leads  lo  the  [larifit-utlij 
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very  well  without  the  chlorine  ami  the  cost  of  its  operation  biul  thus 
been  lessened.  The  cost  of  ninniiig  the  plant  for  1892,  Mr.  Rogers 
stated,  would  be  about  $150,  iucltidiucf  chemicals  and  labor,  while  the 
resulting  fertilizer  would  be  worth  about  $30. 


W'HrrE  Plains, 

This  plant  and  that  at  Sheepshead  Bay  were  built  at  about  tl; 
8aine  time  antl  differ  more  in  engiueering  design  and  coustructii 
than  in  the  detaiU  of  the  proci'ss,  except  that  no  tiuMl  settlement  of  thf 
offlueut  is  provided  at  Sheepsheml  Bav.     Thf  process  in  its   latf 
ilevelopments  is  described  sufficiently  in  detail  below  for  an   nnditr 
standing  of  its  esBontial  features : 

White  Plains  is  a  suburb  of  New  York,  located  on  the  New  York  m 
Harlem  Bailraad,  22  miles  from  the  42d  street  station.  Its  popii^ 
tion  by  the  census  of  1890  wsis  1,042. 

A  public  water  supply  was  introduced  in  18X5.  On  Sept.  1,  18D3 
there  were  about  15  miles  of  water  mains  and  450  taps,  the  consum; 
tion  of  water  being  at  the  rate  of  about  350,01)0  gallons  per  day. 

The  sewerage  system  woa  put  in  use  about  March  1,  1892,  it  havii: 
been  uiKlor  construction  for  some  time  previously.     Wm.  B.  Landretli 
M.  Am,  Soc.  C.E.,  Schenectady,  New  York,  made  the  plana  tor  the  pi| 
system,  which  were  approved  in  1889  by  the  State  Board  of  Ueulth 
New  York.     Wm.  B.  Rider.  C.E.,  of  South  Norwalk,  Oounocticut,  wa 
made  engineer  of  the  work  after  constniction  started,  and  later  E. 
Bolton,  C.E.,  now  of  Brookline,  Massachusetts,  was  rajwle  engine*-^ 
and  under  him  the  works  were  completed.     Geo.  R.  Byrne.  (_VE, 
Byrne  &  Darling,  White  Phdns,  was  resident  engineer  in  charge 
construction  under  Mr.  Bolton, 

About  ten  miles  of  sewers  are  now  in  use.     Prom  April  1  to  Sept.  1^ 
1892,  222  sewer  connections  were  made.     Prior  to  April  1  ubont 
connections  hail  been  made. 

The  sejiarate   system  is  used,  with  about  50  flush   tanks,   mostlj 
Rhodes- Williams  with  a  few  Van  Vranken,     There  ore  about  100  mn 
holes  in  the  system,  with  perforated  covers.     As  most  of  the  road" 
streets  are  of  dirt  these  perforated  covers  admit  much  dirt  to  tl 
sewers,  increasing  the  amount  of  sludge  at  the  purifieation  works, 
addition,  the  attendant  in  charge  of  the  works  states  that  when  uc 
connections  are  made  with  the  sewers  some  hou.se  owners  take  ad>ad| 
tage  of  the  opportunity  to  empty  their  cesspools. 

.\bout  2i  miles  of  underdraius  were  laid  about  on  the  same  level 
the  sewers,  as  deemed  necessary.     These  underdrains  discharge  inl 
briniks  where  most  convenient. 

A  24-inoh  trunk  sewer,  about  7,000  feet  long,  leads  to  the  j>arificatid 
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ver.v  well  witlioat  the  chlorine  and  the  cost  of  its  operation  had  thiis 
been  loeaened.  The  coat  of  luiniiiig  the  plant  for  1892,  Mr.  Rogers 
stated,  would  be  about  $150,  iucludinfj  chemicals  aad  labor,  wUili;  ilm 
resulting  fertilizer  would  be  wortli  about  $30. 


Whi'J'e  Plains. 

This  plant  and  that  at  Sheepshead  Bay  were  built  at  about  tl: 
aame  time  and  differ  more  in  engineering'  design  and  constniction 
than  in  the  details  of  the  process,  except  that  no  final  settlement  of  tie 
effluent  is  provided  at  Sheepshead  Bay.  Tlu-  process  in  its  latest 
developments  is  described  sufficiently  in  detail  below  for  an  uude^ 
standing  of  its  essential  features: 

White  Plains  is  a  suburb  of  New  York,  located  on  the  New  York 
Harlem   Railroad,  22  miles  from  the  42d  street  station.     Its  populi 
tion  by  the  census  of  1890  was  4,042. 

A  public  water  supply  wa^  introduced  in  1885.     On  Sept.   1,  IP 
there  were  about  15  miles  of  water  mains  and  4-^0  taprt,  the   consume 
tion  of  water  being  at  the  rate  of  about  35U,01I0  gallons  per  ilay. 

The  sewerage  system  was  put  in  use  about  March  1, 1892,  it  havii 
been  under  constriictiou  for  some  time  prerioualy.     Wm.  B,  Landretll 
M_  Am.  Soc.  C.E.,  Schenectady,  New  York,  made  the  phms  for  the  pipj 
system,  which  were  approved  in  1889  by  the  State  Board  of  Health 
New  York.     Wm.  B.  Rider,  C.E.,  of  South  Norwalk,  Coum-cticut.  vra 
made  engineer  of  the  work  after  construction  started,  and  later  E. 
Bolton,  C.E.,  now  of  Brookliue,  Massachusetts,  was  made  engine)'] 
and  under  bim  the  works  were  completed,     tieo.  R.   Byrne,  O.E., 
Byrne  it  Darling.  White  Plains,  was  resident  engineer  in  charge 
construction  under  Mr.  Bolton. 

About  ten  miles  of  sewers  are  now  in  use.  From  April  1  to  Sept. 
1892,  222  sewer  counoctionB  wore  made.  Prior  to  April  1  al>out 
oonuections  had  been  made. 

The  separate   system  is  used,  with  about  60  flush    tanks,  muxll; 
Rhodes- Williams  with  a  few  Van  Vranken.     There  are  about  100  ma 
holes  in  the  system,  with  perforated  covers.     As  most  of  the   rojulu 
streets  are  of  dirt  these   perforated  covers  admit  muuh   dirt  to 
sewers,  inereasing  the  amount  of  sludge  at  the  purification  works 
addition,  the  attendant  in  charge  of  the  works  states  that  when  tie 
oormectiona  are  madi;  with  the  sewei-s  some  house  owners  take  advai^ 
tagc  of  the  opportunity  to  empty  their  cesspools. 

About  2j  miles  of  underdratns  were  laid  about  on  the  same  level ' 
the  sewers,  eis  deemed  necessary.     These  nnderdi'ains  discharge  in^ 
brooks  whore  moat  convenient. 

A  24-inrh  trunk  sewer,  about  7,000  feet  long,  leads  to  the  purifimli 
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plant,  whioli  is  located  about  5,000  foet  from  the  villajre  on  the  west  bank 
of  the  Bronx  rivtT  clone  by  tlio  trackii  o(  the  New  York  and  Harlem 
Railroad.  Thin  outlet  pipe  is  of  ciist  iron,  uscept  the  last  fiOO  or  700 
feet,  whioli  is  vitrified  pipf.  Mr,  Byrne  atjites  that  cast-iron  pipe  was 
prnliably  used  in  order  tti  exclude  .sfmund-wnter.  Tiie  effluent  passea 
from  the  purification  works  through  about  3,000  feet  of  ai-incli  vitrified 
pipe,  laid  paralla!  to  the  Bronx  river,  into  which  it  finally  discharges 
just  below  a  mill-dam. 

The  main  aewer  from  the  village  terminatea  in  the  well  at  the  end  of 
the  building,  shown  in  the  plan,  Plate  III.,  Fig.  1,  From  this  well  the 
sewage  may  be  turned  into  either  set  ot  tanks  through  the  gates  pro- 
videtl  for  the  purpose. 

Aa  tbe  fii-Ht  comjiartmont  of  the  tank  is  deeper  than  the  others, 
much  of  the  solid  matter  Bettlea  and  is  retained  in  it,  going  to  the 
bottom  by  its  own  weight.  The  chemicals  deposit  more  of  the  sludge 
as  the  sewage  flows  slowly  on.  X  sludge  pit  is  provided  in  the  centre 
of  each  final  settling  tiuik,  as  shown  in  Plate  III. 

The  sludge  from  the  sludge-pita  and  from  the  first  compartment 
of  the  precipitation  tanks  may  be  lifted  by  the  4-inch  centrifugal 
pumps  through  the  piping  shown  iu  the  plan  and  section,  Plate  lU., 
and  discharged  into  the  opposite  side  for  further  treatment.  The 
"  primers  "  of  the  pumps  are  charged  thi-ough  l-inch  galvanized  iron 
pipe  from  the  force-main  described  above.  The  pumps  are  driven  by 
engines  supplied  with  steam  from  the  boiler-room.  The  sludge  can 
lie  removed  tiually  by  nii'ana  of  the  bucket,  car,  and  tramway  shown 
ui  the  croas-section,  in  Plate  III.,  Fig.  4,  the  tramway  being  shown  ex- 
tending the  whole  length  of  the  tanks  in  plan  in  Plate  III.,  Fig,  3.  The 
buckets  have  a  capacity  of  J  ton,  are  ot  steel,  self. dumping,  and  are 
raised  by  diflerential  one-ton  hoisting  blocks  and  tackle,  which  run  on 
an  overhead  single-rail  tramway  of  one  ton  capacity. 

The  two  dump  cars  are  of  i  inch  boiler  iron,  one  ton  capacity.  The 
tramway  consists  of  60-pound  rails,  two  feet  apart,  clamped  to  the  top 
of  iron  beams. 

Before  the  sludge  is  removed  from  the  tanks  it  is  rendered  leas 
liquid  and  more  easily  handled  by  the  addition  of  "  German  bog,"  said 
to  come  otT  the  top  of  peat-l)eds.  This  bog  comes  in  bales  2  x  2i  x  SJ 
feet  and  is  a  good  absorbent. 

All  the  sludge  which  had  been  removed  from  the  tanks  from  the 
time  the  plant  was  put  in  operation  until  Sept.  2,  1892,  was  outside 
the  building  iu  a  pile  on  that  date.  Some  of  it  was  colored  brown  by 
the  peat,  some  pink,  presumably  by  the  iron,  but  much  of  it  had  the 
appearance  of  ordinary  lime  and  sand  mortar,  due  to  the  lime  used 
as  a  precipitant  and  to  the  further  fact  that  much  (Urt  is  admitted 
to  the  aewers  through  the  perforated  manhole  covers,  as  stated  above. 
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Tliia  large  heap  of  aludg'e  wits  perfectly  free  from  odor,  quite  as  iii- 
ulFeusive  as  a  pile  of  mortar.  Neither  was  there  the  slightest  olTengive 
odor  anywhere  about  the  works. 

Thus  far  the  sludge  has  been  removed  from  the  tanks  and  the 
chlorine  used  about  ouee  it  mouth.  The  tanks  may  be  washed  per- 
feutly  elean  by  the  use  of  water  from  a  small  reservoir  on  the  hill  or  by 
direct  pressure  from  a  small  duplex  pump  provided  to  till  the  reser- 
voir. This  pump  stlso  all'onls  live  protec-ttou  for  the  buildiug.  The 
pump  has  10  iueh  steam  aud  G-incih  water  eyliuders.  with  lO-ineh  stroke. 
A  G-ilich  siietiou-pipe  extends  to  the  river,  only  a  few  feet  dis- 
tant. A  4. iueh  foree-miun  extends  from  the  pump  to  the  reservoir  on 
a  hill  near  by,  at  a  sutKuieut  elevation  to  give  a  pressure  of  47  poiuids 
at  the  works.  From  tho  force -main  a  2-inch  ;?alvauized  iron  pipe 
extendi  throngh  the  buildhig  and  connects  by  means  of  1  inch  cant- 
Iron  pipe  with  the  chlorine  generators  and  tanks,  Connections  are 
also  m;ide  with  all  the  plumbing  where  water  is  needed.  Lineu  ho»G, 
201)  feet  in  length,  is  provided  for  washing  the  timks  and  for  tire  use. 

The  reservoir  is  of  atone,  cemented,  20  >;  10  <  5  feet,  and,  according 
to  the  specifications,  covered  with  a  building  and  connected  by  an 
electric  indicator  with  tho  pump-room. 

The  settliug  chambers  inside  the  building  have  rolling  covers,  thi- 
wheels  running  on  I-beams,  the  wheels  of  one  set  of  covers  running 
ou  the  upper  aud  of  another  on  the  lower  flange  of  the  beam,  so  that 
the  covers  of  one  side  may  be  rolled  over  or  beneath  those  of  tho 
other. 

The  final  settling  tauks  are  covered  with  8-inch  brick  arches  sup- 
ported by  90-pouud  I-beams  ri.'sting  ou  12-inch  brick  piers.  Openings 
6  feet  long  and  12  feet  wide,  with  sliding  covers,  are  provided  in  each 
corner  of  the  covering  in  these  tanks. 

The  bottoms  of  all  the  tanks  are  composed  of  18  inches  of  Portland 
cement  concrete.  The  specifications  state  that  all  walls  and  piers  to 
the  height  of  the  cross-walls  must  be  laid  in  Portland  cement  mortar 
and  plastered  with  tlie  saint!  where  brick  is  used  ;  also  that  the  oiitiir 
inner  surface  of  the  tanks  must  be  covereil  with  two  coats  of  asphalt 
paint  up  to  the  copiuj;;.  Provision  has  beeu  made  for  heating  the 
building,  inchnling  the  settling  tanks,  by  steam. 

There  are  two  lime  tanks,  as  slniwn  in  the  plan  aud  longitudinal 
section,  Plate  III.,  Fig,  1,  each  of  riveted  wTought  iron,  Ij  *<2'(10  feel. 
There  are  also  two  2.00U-gallon  riveted  J-iueh  wrought-iron  tanks  for 
hohling  the  perchloride  of  iron. 

A  hand  hoist  or  elevator  is  provided  iu  the  chemical  storage  room, 
shown  in  the  plan  on  Plate  III.,  Fig.  3,  for  lifting  the  chemicals  to  the 
mixing  tray  of  the  chlorine  generators  and  for  lifting  materials  for 
storage  in  the  second  story. 
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Fio.  42.— IliNOED  Screen    in  Bewaob   Takk 
AT  White  Plains.  New  York. 


The  screeus  for  stopping  the  large  partit'lt-s  in  thf  sewage  as  it 
passes  through  the  taokH  are  shown  in  detail  by  Fig,  42.  There  are 
two  of  these  screens  for  eiifh  set  of  tanks,  locat-ed  as  shown  by  Plate 
in.  Thoy  are  made  of  ^InL-h 
wire,  l-ineh  mesh,  swinging 
as  shown  ill  the  ill  list  ration, 
to  fHfilitate  eli'auing. 

In  order  that  the  cbeiuiciils 
tised  us  pret-ipitiints  may  be 
admitted  to  the  sewugu  iiuto- 
malicallyand  in  fixi'd  propor- 
tion, the  mefhiUiism  nhowu  in 
Fig.  43  is  employed  for  the 
lime  and  that  sln)Wii  in  Fig. 
44  for  the  peiehloride  of  iron. 
Each  of  these  devices  depends 
for  its  action  upon  the  varj-ing  levels  of  the  sewage  in  a  tank  which 
contains  a  tloat  (connected  by  a  lever  with  a  cock,  all  so  arranged,  as 
described  below,  that  the  chemicals  will  be  discharged  in  quantities 
and  at  intervals  as  desired. 
Both  Fiirs.  43  and  44  aie  designed  to  illustrate  the  principles  npon 

w  h  i  c h  the  mechanisms 
work,  and  not  to  show 
their  exact  arrangement  at 
Mliite  Plains,  although 
they  do  very  nearly  show 
the  latter. 

TliG  lime  is  slacked  in 
the  lime  tank.  Fig.  43. 
Water  is  added  to  make  a 
milk  of  lime,  which  is  fed 
into  the  sewajje  over  the 
lip  of  the  lime  tank. 
Water  is  admitted  to  the 
lime  tank  thioiigh  the 
pipe  A,  which  is  snpjilied 
from  an  elevated  tank  on 
a  hill  through  the  pipe  B 
and  the  feed -cock.  The 
water  tank  gi  ves  a  pressure 
of  47  pounds  per  square 
inch  in  the  building.  The  pipe  B  is  perforated  at  diCFerent  levels,  to 
cause  the  water  to  be  discharged  horizontally  in  order  to  stir  up  the 
lime,  much  of  which  would  otherwise  remain  at  the  bottom  of  the  tank. 


\-\Ji — I 


•  Pia.43. — AuTOM.\Tic  Feed-cock  fkom  LimkTank, 
WiiiTF.  Pt.aiss,  Nkw  York. 
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The  pipes  A  and  11  connect  with  the  casing  of  the  cock  (J,  an  s-hown 
in  the  two  enlm-ged  aectious.  The  cock  ia  inserted  in  tliis  cusiug-  aiul 
is  provided  with  longitudinal  slots  at  regular  intervals  on  its  iiircmn- 
ference,  whirii  are  so  arranged  that  whenever  one  of  thesQ  slots  opeim 
against  tjjt.>  ooutiacted  end  of  tht;  pipe  A  another  will  opL-u  against  thv 
pipe  B  and  vice  versa. 

The  flout  is  connected  with  the  plug  in  such  a  way,  that  when  it 
rises  the  cock  is  not  turned,  but  when  it  falls  a  pawl  eugages  with  a 
ratfhut  ftud  turns  the  coek  so  when  the  Jloat  is  halt  way  down  the 
slots  come  opposite  eaeh  pipo,  and  water  is  discharged  into  the  lime 
tank  and  lime  carried  over  the  lip  into  the  sewage.     If  the  feed  cock 


Pio.  44.— AcTOMATic  Thrkk-wav  Cock  for  pKHciii.ninuK  of  Ibwn  T*nk. 

was  opened  with  the  rise  of  the  sewage  it  is  obvious  tliat  the  sIowaf 
the  tlow  of  sewage  the  greater  would  be  the  discharge  of  lime. 

The  device  for  admitting  the  perchloride  of  iron,  Fig.  44,  is  slightly 
different,  in  that  it  is  designed  to  measure  this  chemical  aocuratoly 
and  to  draw  it  from  a  storage  tank  of  considenible  size.  To  lio  this 
the  storage  tank  is  connected  through  a  three-way  cock  with  a  small 
measuring  tank  placed  on  a  lower  level.  The  port  of  the  cock  which 
connects  directly  with  the  measuring  tank  is  larger  than  the  others 
and  in  always  open.  Tlic  third  port  connects,  when  in  the  proper 
position,  with  a  pipe  having  its  lower  end  over  the  sewage  tank.  The 
cock  is  turned  automatically  by  the  rise  of  the  sewage  so  that  the 
measuring  tank  is  always  ''inptied  when  or  just  befoiv  the  iloat  and 
the  aewage  arc  at  their  highest  level  and  at  no  other  time.  The  sew- 
age is  at  its  highest  level  just  before  it  is  siphoned  from  the  cliambcr 
to  the  large  final  settling  tank  sliowu  on  Plate  HI. 

In  prepaiiiig  the  perchloride  of  iron  fur  use,  the  storage  tank  is  first 
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filled  about  half  full  of  water,  the  desiied  araoiint  of  the  oheniical 
iulded  nad  theu  the  tank  tiUud  full.  Tliin  method  in  foUuwpd  to  pru- 
veut  injury  to  the  valve.  A  60  jier  cent,  ijci-cliloride  of  iix>u  is  used, 
aud  two  ^aius  per  trillion  is  cousidered  a  fair  amount  for  ordinary 
neivag:e.  The  perchlorido  of  iiou  is  bought  from  Martin  KalbfleisicU'i* 
HouB  Co.,  New  York,  for  3^  cents  per  pound,  or  about  *4.75  per  carboy. 

In  passing-  from  a  couKideration  of  the  use  of  chemicals,  attention 
may  be  called  to  tljn  faft  that  the  lime  is  admitted  intermittently  to 
rtewage  whicli  ha»  a  t'outiiimma  flow,  and  therefore  some  sewage  may 
pass  the  Bet'ies  of  chambers  of  the  first  tank  to  the  weir  over  which  the 
sewas'P  flows  to  the  lirHt  siphon  chamber  without  receiving  any  direct 
additittu  of  lime.  Such  sewage  would  have  little  or  no  precipitation  to 
this  point,  but  it  would  have  sedimentation  owing  to  the  slow  rate  of 
How.  Since  lime  is  discharged  each  time  the  first  siphon  works,  every 
discharge  of  sewage  into  the  final  settling  tank  will  contain  lime,  the 
only  question  being  whether  it  is  well  mixed  with  the  sewage.  It 
would  seem  preferable  to  dischage  the  lime  into  the  sewage  contimi- 
ously,  or  nearly  so.  This  might  be  eflfected  by  arranging  the  float  and 
feed-cock,  Fig.  43,  so  tliat  the  water  would  be  discharged  into  the  tank 
with  every  few  inches  rise  of  the  float,  still  maiutaiuing  a  fixed  rela- 
tion between  the  lime  and  sewage.  Or,  l>etter  yet,  a  constant  flow  of 
lime  might  be  maintained  and  the  quantity  varied  to  correspond  with 
the  volume  of  sewage  by  slowly  passing  the  latter  through  a  rect- 
angular trough  containing  a  lever-float  which,  rising  and  falling  with 
the  volume  of  wewage.  would  regulate  the  flow  of  lime  through  a  feed- 
cock.  The  advantages  of  having  the  lime  thoroughly  mixed  with  the 
sewage  the  moment  the  latter  reaches  the  firet  tank  are  obvious. 

The  chlorine  for  deodori/.ing  the  sludge,  or  for  treating  the  total 
volume  of  sewage  if  desired,  is  made  from  common  salt,  black  oxide  of 
luaugauese,  and  sulphuric  acid.  The  salt  and  black  osido  of  manga- 
nese are  mixed,  1  to  1,  in  a  tray  above  the  chlorine  generatoi-s,  and 
washed  down  into  the  generator  with  2i  parts  of  water.  The  cocks 
being  turned  to  allow  the  chlorine  to  pasH  through  the  pipes  and  into 
the  sewage  tanks,  sulphuric  acid  is  then  slowly  admitted  to  the  tanks 
and  the  chlorine  generated.  Acid  should  be  admitted  only  in  suflicient 
quantity  to  develop  a  pressm-e  of  2  pounds,  the  pressure  being  indi- 
cated by  a  gage.  A  safety  water  column  and  safety-gage  are  provided 
to  keep  the  pressure  down  to  5  pounds,  the  blow. off  pipe  from  the 
safety-gage  extending  np  through  the  roof  of  the  building.  In  addi- 
tion the  covers  of  the  tanks  being  treated  should  all  bo  tightly  closed, 
and  it  is  well  to  have  the  windows  and  door  open.  As  inhalation  of 
any  amount  of  chlorine  would  be  injurious  to  the  nostrils,  trachea,  and 
lungs,  the  precautionary  measures  mentioned  are  ajlvised  ou  the 
priuted  directions  for  the  generation  and  use  of  the  chlorine  and  the 
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Bafety-grage  in  made  a  part  of  the  plant.  In  pnicticir.  lnjwever.  i»o 
trouble  with  the  chloriiie  is  espenenced.  It  is  obvinns  that  sinoe  the 
chlorine  is  used  to  disinfect  sludge  or  sewage  it  will  be  admitted  tk> 
the  tanks  only  when  the  perforiited  pipes  are  submerged,  and  if  tiif 
L-lilorine  Hhoald  pass  up  through  the  sludge  it  would  at  once  make  Uie 
fact  known,  wln-reupou  the  auid  tsould  be  turned  off  fi'oni  the  geuvn- 
tors.  In  piiiftiee  it  aeem«  proludiki  tliitt  a  deiii-ifucy  rather  thaii  su 
excess  of  ehluriue  will  lind  its  way  to  the  tanks. 

The  capa^iity  of  the  final  settliug  tuuk  is  about  27,600  gallons  luid  of 
the  small  siphon  tank  or  chamber  whieh  I'niplies  into  it  almutaiW*' 
gallons,  allowing  for  the  sewage  whifh  Hows  into  the  latter  while  it  i« 
disL-hargiug.  The  sewage  tnivels  about  150  ffet  in  the  first  or  precip- 
itatiug  tank  and  50  feet  iu  the  final  settling  tank,  making  200  feet  in 
all. 

There  were,  early  in  September,  about  410  taps  connected  with  thi' 
water-works  and  about  250  sewer  connections,  which,  being  takeu  in 
yield  as  much  sewage  as  the  consumption  of  water  per  tap,  780  gallous. 
would  give  195,000  gallons  per  day  of  natural  discharge  into  tln- 
sewers.  If  the  above  figures  are  all  approximately  correct  only  n 
small  amount  of  ground-water  now  finds  its  way  into  the  sewers. 
When  the  plant  had  been  in  operation  only  a  month,  however,  it  is 
said  that  the  daily  flow  through  the  tanks  was  26fi,00O  gidlons.  At 
that  time  there  were:  but  few  sewer  connections  and  the  gi-eater  part  of 
the  flow  must  have  been  ground  water.  The  tanks  are  sunk  in  the  i^iii 
bed  of  the  Bronx  rivi-r,  the  river  having  been  turned  when  the  Now 
York  and  Harlem  Railroad  was  built,  and  at  first  there  may  Iibvi- 
been  some  seepage  into  the  tanks. 

The  amount  of  sewage  treated  at  White  Plains  in  September.  1892, 
was  said  to  vary  from  some  200,000  gallons  or  under  per  day  to  about 
300,000  gallons,  or  less,  for  which  about  one  barrel  of  lime  and  one  car- 
boy, 10  to  12  gallons,  of  perehloride  of  iron  was  being  used. 

To  operate  the  plant  an  eu-rineer  aud  a  laborer  are  required  during 
the  day  and  a  watehnniu  at  night.  Abtuit  one  ton  of  coal  a  week  li* 
consumed  in  generating  steam.     The  coal  costs  $G  per  ton.  delivered. 

The  contract  price  for  the  purification  plant  alone,  without  allowance 
for  superintending  constmotion,  was  J.'jO.O-lO.  This  was  increased  almat 
$3,000  by  errore  in  grade  whi(!h  necessitated  the  loHcring  of  tho  fouu- 
datiouB,  but  should  not  be  charged  to  the  oost  of  purification. 

No  analyses  of  the  sewage  after  puriliiiatioii  have  been  iniide,  to  tho 
authors'  luiowledge,  and  as  tlie  plant  haw  \,,;-i,  m  oppration  buf  a  short 
time  little  can  be  said  regarding  the  results  obtained.  At  the  plant 
nothing  objeetionable  could  be  seen  or  snielled  and  everything  seemed 
to  be  in  good  shape, 

At  the  outlet  into  the  river  the  efHuent  was  somewhat  elouded,  which 
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might  have  bci'u  dm-,  iu  |iiirt  nt  least,  to  tlie  use  of  limo.  For  several 
Iiundreil  feet  ilowu  tlit;  rivor  tsoiue  of  tlio  tiuer  particles  of  sewage  were 
iIci)Onited  in  sliiilluw  water  having  little  motion.     In  pliiees  these  de- 

!  posits  were  3  to  -i  iiii-hes  deep,  but  they  gave  oft'  little  or  iio  odor  ujiim 
■  being  stirred.  TLe  deposits  nmy  liiive  Iwen  tlie  result  of  improper 
mauagement  of  the  plant,  especially  too  infrequent  eleaniugs.  which, 

I  as  has  already  Ixieu  stated,  have  thus  far  taken  place  but  ont-e  a  moiitlt. 

lit  may  be  that  the  liine  does  not  become  tlionmghly  iuixed  with  the 
newage,  for  the  reasons  mentioned  above,  in  wJiich  caae  imperfect  pi-e- 
oipitatinn   might   bo   expected.     In  this  ctmnectiou  it  may  be  agaiu 

I  »tated  that  in  constructing  and  operating  sewage  purification  plants 
the    controlling   factor    is    the  degree    of   piiriticatiou    desired.     Tbia 

'  decided,  the  uest  question  is  how  to  obtain    it  at  the  least  possibtu 

.  expense.*  The  large  and  apparently  inofi'ensive  pile  of  sindge  outside 
the  purification  building  at  Wbite  Plains  witnesses  that  a  great 
umouut  of  pollution  has  been  csclnded  from  the  Bronx  river  and  ren- 
dered harmless.      The  deposits  of  sewage  iu  the  river  gave  no  offence, 

.even  when  stirred,  and  it  is  jiossible  that  the  chlorine  treatment  had 

[to  a  large  extent  rendered  the  deposits  uuobjectiuuuhle  so  far  att  de- 

[  composition  is  coucerued.t 

8hee]'She,u)  Bav. 

The  permanent  population  at  Sheepshead  Bay  is  probably  less  than 

f.8.000,  but  its  lloatiug  and  summer  population  is  much  larger.     Like 

C'-ouey  Island  it  is  in  the  town  of  Graveseud  and  its  works  were  built 

under  the  same  board  of  health.     Horace  Loomis,  M.  Am.  Soc.  C.K., 

was  consulting  engineer  for  the  system.     The  following  coudonsed 


*  Tbrowiuf  nut.  of  conudentiaa  tbe  degree  of  piirificaUon  eir«ot<d,  the   fallowing  Appro KJmatQ 
HiEiTiLato  of  thfl  diiily  ejipenae  at  White  Plains  niky  be  given : 

1  oarlMy  of  perohloridc  of  iron _... t-l-75 

II  Imrrel  of  lime TR 
CiHii     90 


Einpnw aao 

L»lioror  »nil  viatuhinim.  em-h,  tl.M* 3.00 

Cominmi  «a1t.  black  oiidi;  of  niuii|;aneic  uid  nulpburic  aoid 60 

Oil«nd*uati> !W 

MiPcrlhkiitMiiia., .,-.,..  .... -M 


lu^a^ 

AaBamiug  i.hitt  the  prwtint  avem^  duly  quantity  of  f^vnge  treated  ia  tJ50.000  gallona,  and  that 
the  duly  exjwnpv  of  tteiLthi^  t)iiK  nnii'iini  it  t]2,  thew^X  p«r  l.0(Ht.0<10  giillonx  wuuM  he  t4^.  Ud- 
doubtedly  whou  tho  town  is  fully  m^wored  and  the  daily  flow  baa  become  from  40U,000  to  5IXI,U00 
gnlloiLt.  the  cult  wil)  lie  uinevUut  lean, 

'  Ctracleniwd  f roni  Kng.  Newa,  vol.  iiviii.,  pp.  2M-5  and  pp.  314-16  (Sept  aSd  and  Oot.  B,  I8W). 
.1)  Enp-  NewB  of  Oct  6  may  be  found  an  account  of  the  thi-oretjeal  iM^tion  of  the  lime  and  ppr- 
fthloride  of  iron  upon  the  sewage,  eitractfd  fnim  a  p»ni)ili1rt  entitle.)  Treutniuul  of  Sewage  by 
Chlorine,  PrecipiLiiLioii  and  ScLlinicntati'jii,  by  J  H.  Rikymoud,  M..D.«  Proftrsaor  of  Pbyaiology 
and  Kuiitkry  Svienue,  Luug  lalaud  CullH;;ti  Uuapital. 
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dBscription,  iii  connei'tion  with  the  preceding  part  of  this  chapter,  wil! 
give  a  fair  iilea  of  the  piiritiLMttioii  plant.* 

The  sewerage  syBtein  was  begun  in  1891,  and  the  puriticatiou  plntit 
WHS  put  in  o|>eration  in  1802.  The  separate  system  is  used.  Water 
mains  were  I;iid  hy  tlie  town  in  the  trenches  with  the  sewers,  theru 
beinjf  about  13  miles  of  sewers  and  15  miles  of  water  mains. 

.\Ithi>nfrh  the  same  process  is  used  ni  Sheepsliead  Bay  as  at  White 
Plains,  t!u-  details  of  constniction  are  in  some  respects  quite  diffen-ul, 
which  is  largely  caused  by  the  circular  plan  of  the  works  and  the  fact 
that  it  was  necessary  to  construct  it  on  a  pile  foundation.  The  village 
is  very  flat  and  the  surfiwe  of  the  ground  is  near  the  water-line  of  the 
bay.  The  puriticatiou  plant  is  located  on  marsh  land  subject  to  the 
tide  flooding  near  an  inlot  or  creek. 

The  2t-inch,  egg-shaped  cement  outlet  sewer  from  the  village 
cuts  across  the  marsh,  turns  and  enters  the  building  from  the  water 
side  beneath  the  effluent  pipe  to  the  creek.  The  low  levels  and  flat 
grades  necessitate  a  deep  receiving  well  from  which  the  sewage  in 
pumped  to  the  tanks. 

The  lime  is  discharged  into  the  sewage  while  the  latter  is  in  the 
pump  well,  after  which  the  sewage  is  pumped  into  the  tanks.  There 
are  no  final  settling  tanks.  Tlio  perchloride  of  iron  is  discharged  into 
the  chamber,  from  which  the  sewage  is  siphoned  to  the  effluent  clinm- 
ber  and  pipe. 

A  fi-inch  centrifugal  pump,  driven  by  steam,  and  having  a  fi-foot 
lift,  was  provided  for  handling  the  8lu<lge,  but  it  is  not  used.  Sawdust 
is  now  mixed  witli  sludge  as  an  absorbent,  after  which  it  is  shovotled 
into  buckets,  hoisted  from  the  tanks,  and  pushed  out  in  tram-cars  as  at 
White  Plains.  The  sludge  is  used  to  fill  in  about  the  building,  and  was 
wholly  inoffen.'tive  when  the  writer  was  at  Sheepshead  Bay,  Sept.  12, 
1892,  as  was  everything  else  about  the  iilaat.  The  wiioh-  building  is 
heated  by  steam  and  the  village  water  supply  is  extended  to  the 
plant. 

The  effluent,  as  at  White  Plains,  was  slightly  clouded.  This  seems 
to  be  admissible  here,  as  does  the  omission  of  the  final  settling  tank, 
for  the  effluent  goes  into  a  considerable  creek  of  salt  water.  It  is 
doubtful,  however,  whether  the  use  of  perchloride  of  iron  at  or  near 
the  time  of  siphoning  is  of  especial  advantage  without  the  final  set- 
tling tanks. 

•  For  full  daUll*  and  iUuit»tiDiu,  tee  Eag.  Sera,  tuL  nriii,  pp.  S08-9  (Sapt.  88,  180!^ 


3HAPTER  XXrV. 

CHEMICAL  PRECIPITATION  AND  FILTRATION  AT  EAST  OKANGE.  NEW 

JERSEY. 


I 


I 


The  town  of  East  Orange,  New  Jersey,  is  sitiinted  immediately  to  the 
west  of  tilt'  eity  of  Newark,  and  fni-tber  bounded  by  tbe  towna  of 
South  Orange,  Orange,  and  Blooiulield,  south,  west,  and  iiortU,  lespec- 
tiTely,  IIS  is  shown  in  Fig.  45,  The  urea  in  2,iOO  luTes.  with  ii  jiopula- 
tioii  in  181)11  of  13,282.  The  topography  is  of  a  simple  rbaractt-r,  con- 
Hinting  of  a  nearly  level  plateau  in  the  soutliurn  part,  friHu  which  ni?ar 
(lie  central  part  break  tour  parallel  valleys  with  drainage  trending  to 
the  uorth.  Within  the  limits  of  East  Orange  are  three  ridgeH,  or  hiw 
riuiges  of  hills,  which  also  run  nearly  north  and  south,  and  separate 
the  valleys.  The  valleys  are  soiuenhat  undesirable  tor  residence  by 
reason  of  greater  danipneRS  of  the  soil  than  is  found  on  the  ridges, 
whi(-li  are  generally  dry  and  uuderlaid  by  the  new  red  samlstoiie  for- 
mation ;  and  until  recently  the  bulk  of  the  building  iu  the  northern  part 
was  on  the  ridges,  the  drainage  from  the  better  class  of  houses  mostly 
passing  into  cesspools  on  the  lower  lands.  Many  of  these  had  become 
very  offensive,  and  considerable  areas  of  soil  were  rapidly  approaching 
complete  saturation. 

The  int-rcjum  of  this  unsatisfactory  condition  led  the  citizens  of  East 
Orange,  as  early  as  1881,  to  take  undor  consideration  improved  meth- 
ods fur  disposing  of  domestic  wastes,  but  it  was  not  until  the  latter 
part  of  the  year  1883  that  a  detinite  project  was  formulated.  In 
that  year,  the  matter  of  sewerage  was  taken  actively  in  hand  by  the 
Town  Improvement  Hociety  of  Kast  Orange,  and  a  committee  on  sew- 
erage and  drainage,  consisting  of  Messi-s.  J.  0,  Bayles,  M.  Am, 
See.  M.E,  Alfred  P.  Boiler,  M.  Am.  8oc.  C.E..  and  E.  Fortmeyer, 
E«q.,  appointed.  At  the  meeting  of  the  Improvement  Society,  held 
OctoWr  ■!,  1883,  the  committee  rejiorted  that  as  a  preliminary  Bte|) 
toward  securing  a  system  of  sewerage  and  sewage  disposal  they  had 
requested  J.  J,  R.  Croes,  At.  Am.  Soc.  C.E.,  to  jireparc  a  plan  for  the 
complete  sewerage  of  the  town,  with  an  approsimatc  estimate  of  cost, 
trjgether  with  suggestions  as  to  the  best  method  of  sewage  disposal. 

Mr.  Croes'  report  was  in  siibstaiicc,  that  imismuch  aw  East  Orange  is 
entirely  surroundi-d  by  other  densely  populat.'d  areas,  wliicli  further 
cut  it  off  from  -iccess  t<)  any  large  stream  or  to  tide-water,  if  the  waste 
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pindiu'ts  wpie  (o  l»e  disposed  of  nr|mritieti  within  tLe  township limitjs, 
it  woiihl  br  dt'siriibli;  to  liiiiiinish  thi'ir  volume  as  much  as  practicalile. 
Therefore  the  sewerage  system  should  be  chiefly  cimtiuud  to  carryiiig 
liouse  wiistes.  If  in  any  eaae  it  were  to  be  deemed  desiiiible  to  carry 
roof  water  in  the  sewers  it  BhonUI  be  held  bat-k  in  finteni8  iiud  only 
allowed  to   empty   gradually   into  the  sewers.     His  plans  provided, 


/  MONT-f       /  / 

I-.      rt.nla     '  / 

!'  FRAN  I 

lELD  '      ^~^'      . 
K7S0oc'  SELLEVfLL 


WEST 

ORANGE. 

7.600  ac. 

pop.  4,500 


'  WArEff-ivo/THS 


'tJEffSfrorr 

iiVaTEa-WOfiHS 


50.0RAN6E.|K"TX^EWAR,< 

pop,  5.000.- if :j, 


Flo.  46.— Map  of  East  Oranob.  Nbw  Jrrbkt,  and  VicirITT. 


therefore,  for  carrying  only  a  masimnm  of  one-half  cubic  foot  per 
minute  for  every  100  feet  of  street  with  the  sewers  ninnin^  half  full. 
Ttie  entire  system  would  comprise  40  raile.'^  of  sewers,  21)  miles  of  which 
were  to  be  of  six-inch  diameter  with  main  outfall  of  an  elliptical  sec- 
tion 28  by  42  inches,  computed  to  flow  two-thirds  full  nt  the  time  of 
maximum  flow.  The  main  outfall  sewer  wonhl  l>e  extended  to  tho 
north-east  corner  of  the  town,  whore  a  suitable  location  for  diaposal 
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it'^i'ks  coiikl  bo  foiuitl,  netir  a  tributary  of  the  Second  river,  a  stream 
r'ra|ityiLg  into  tlip  PaBHnic  tvt  the  uortliern  boimdary  of  Newark. 

The  rapthod  of  dispositl  recommeLded  by  Mr.  Croea,  was  to  first 
filtt-r  the  sewage  throiigli  a  l''arquliEir-01dham  iiUer,  the  Howage  huviug 
been  treated  with  perchh)ride  of  iiou  bufore  riltration  ;  tlic  tiltering 
material,  i-onsistiug  of  sawdust,  was  to  be  used,  after  filtration,  as  fuel 
under  the  boilers  required  for  the  pumping  plant  which  would  force 
the  sewage  through  the  filter.  The  effluent  from  the  filter  was  to  be 
further  purified  by  passing  through  soil  before  reaching  the  stream. 

The  plan  actually  submitted  provided  for  ouly  one  disposal  statios, 
although  as  an  alternative  plan  the  quewtion  was  considered  whether 
two  stations  on  opposite  sides  of  the  town  would  not  be  preferable, 

^  thus  avoiding  a  long  and  expenaivti  deep  sewer,  which  would  other- 
wise bo  necessary  for  conveying  the  sewage  from  the  southern  district 
to  the  northern  disposal  ground.  The  cost  of  the  whole  system  was 
estimated  at  $330,000.  The  Town  Improvement  Society's  committee 
on  sewerage  and  drainage  indorsed  Mr.  Croes"  recommendation  as  to 
the  system  of  sewers,  but  advised,  in  their  report  of  April,  1884,  further 
deliberation  in  regard  to  the  method  of  disposal,  as  recent  legislathm 
had  considerably  enlarged  thu  authoiity  of  the  New  Jersey  townships 

[  in  the  matter  of  acquiring  rights  to  drain  through  other  towns  and 
municipalities.  Under  an  act  passed  by  the  Legi.slature  a  short  time 
previously,  any  township  in  the  State  haring  a  population  of  not  less 
I  than  2,000  to  the  square  mile,  and  a  public  water  supply,  may  con- 
struct a  system  of  sewerage  or  drainagre,  or  both  ;  may  have  plans  and 
estimates  made  ;  may  build  sewera  in  any  paii  of  any  towuslup  ;  may, 
if  necfMsarv,  appropriate  any  lands  reqiiired  by  due  process  of  con- 
demnation ;  may  build,  if  the  to\viiship  authorities  shall  deem  it  advis- 
able, a  main  outfull  sewer  to  tide-water,  and  for  this  purpose  nniy  pass 
through  territory  situated  within  the  bounds  of  any  otln^r  muuicipal 
corporation ;  may  outer  into  contract  with  the  authorities  of  any  city 
whose  territory  adjoins  that  of  the  township,  for  the  privilege  of  con- 
oting  the  sewers  of  the  township  with  those  of  the  municipality! 
ay  purchase  land  and  erect  suitable  buildings  for  the  purpose  of 
properly  deodorizing,  utilizing,  or  otherwise  disposing  of  sewage; 
jnay  apply  to  the  circuit  court  of  the  county  in  which  the  town  is 
situated  for  an  appointment  of  commissioners  to  condemn  any  re- 
quired huids;  may  borrow  money,  from  time  to  time,  to  pay  for  public 
works,  and  secure  the  payment  of  the  same  by  issuing  bonds  at  a  rate 
not  exceeding  six  per  cent,  annual  interest,  and  to  an  amount  not 
exceeding  ten  per  cent,  of  the  assessed  valuation  of  the  property  of 
the  town.ship,  the  legal  voters  at  their  annual  meeting  to  decide  the 
Bum  to  be  expended  during  thti  current  year.  The  Act  also  provides  for 
the  payment  of  principal  and  interest  of  the  bonds,  and  directt  the  towii 
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assessor  to  levy  assessments  eacli  year  while  the  debt  is  tinpaid,  ill  & 
sum  t^qual  tu  the  principal  and  interest  which  will  fall  due  during 
that  year. 

In  September,  1884,  the  tuwiisliiij  autlitirities  directed  Mr,  Crws  to 
prepare  plans  and  estimates  oE  the  cost  of  conveying  the  town  sewage 
to  tide-water  in  Newark  bay,  below  the  city  of  Newark.  Later  on  he 
was  fiu-ther  directed  to  prepare  lulditional  estimates  for  disposal  within 
the  township  limits.  The  phms  and  estimates  submitted  by  Mr.  Croes. 
in  accordance  with  these  instructions,  showed  that  the  construction  of 
a  sewerage  system,  sufficient  for  immediate  purposes,  would  cost 
about  $77,000.  If  the  sewage  were  taken  to  Newark  l>ay,  the  iiettessanr 
outfall  sewer,  shown  on  the  map.  Fig.  45,  would  cost  ?1Q4,OI)0,  while 
if  chemical  treatment,  supplemented  by  tiltration  through  laud  within 
the  township  limits,  were  atlopted,  the  cost  would  Ik?  176,000.  With 
disposal  to  Newark  bay  the  cost  of  completely  sewering  the  town,  in- 
cluding sewerage  system,  outfall  sewer,  etc,  would  be  $462,345;  for 
local  treatment  within  the  township  limits  the  entire  cost  would  be 
*398,3-25. 

The  township  committee  on  sewerage  presented  a  report  in  Febru- 
ary, 1885,  favoring  tue  sewerage  system  recommended  by  Mr.  Croes. 
but  inclinijig  to  the  opinion  that  the  sewage  shoidd  be  delivered  into 
the  sewei-s  of  the  city  of  Newark,  which  lie  between  Kast  Orange  and 
the  Passaic  river,  provided  a  suitable  nrrangement  could  be  made  witli 
the  Newark  authorities.  The  committee  also  recommended  that  the 
questiou  of  proceeding  with  the  construction  be  submitted  to  popular 
vote  at  the  town  meeting  in  March. 

The  mattei',  however,  remained  in  abeyance  until  the  sjiring  of  1886,^J 
when  Carroll  Ph.  Bossett,  M.  Am.  ^c.  C.E.,  was  engaged  to  desigBJ^I 
the  details  of  a  plan  providing  for  purification  of  the  sewage  within 
ihe  township  limits.  The  disposal  works,  in  conjunction  with  a  sepa- 
rate system  ot  sewers  embracing  2ti  miles  of  street  mains,  were  con- 
structed under  his  direction  during  that  and  the  following  year,  and 
placed  in  operation  in  June,  IntiH.  lludcilph  Henng,  M,  Am.  Soc.  C.E., 
reviewed  the  plans  as  consulting  engineer. 

In  designing  the  main  sewer,  it  appeared  advisable  to  Mr.  Bassott  to 
locate  the  disposal  works  iis  far  away  as  possililr  from  the  northcasr- 
em  district  of  the  townshiii,  in  which  was  situiitcd  the  water-work^ 
supplying  East  Orange  and  the  neighboring  town  of  Bloomtiehl. 
These  water  supplies  are  derived  from  Hhallow  wells  in  the  new  red 
sandstone.  In  aciordmu-e  with  this  view,  mi  intercepting  sewer  wa- 
designed,  which  crossed  tlie  iiortliein  district  from  eiwt  to  west,  lead 
ing  finally  into  tiie  Second  river  valley.  This  sewer  would  intercn-pi 
the  sewernge  of  five-.sixths  of  the  total  areji  of  the  township  withtnil 
pumjiing  and  deliver  it  into  the  northwest  section  instead  of  the  mirll 
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east,  Mr.  Bassett  toUMideri-d  tlii;  jirg-uuit?uta  iu  fiivor  of  tlic  jHiiiit  <>t 
follfctiuii  wliicL  WU8  uilupteil  us  ;  (ii)  A  larger  pf ret;iitage  of  tlie  ana 
of  the  towusliip  foukl  lie  cullected  to  this  point  by  gTiivity.  tliau  to 
auy  utLer  ;  iJo  tbe  sowiigi-  wiuiKl  be  uuiteii  at  the  best  puiiit  for  ulti- 
Diatv  gravity  exteiisiuti  to  tiiii-water  or  com  bin  at  ion  with  uther  tnwiib  if 
it  were  tlesiretl ;  (f)  uliout  the  only  huid  in  the  towunhip  nvailabk'  ftir 
sewage  tiCHtiiiciit  was  thoie  ivacbed ;  ('/)  Iho  struum,  offt:ritig  >m  uutlot 
for  the  efiinciit,  Wiin  laigi.!'  tbmi  lUiy  other  iu  the  district. 

Ill  the  ohupter  ou  (juuutity  of  Sewage  tiiid  Variations  in  the  Itato 
of  Flow,  at  page  132,  we  havu  referred  to  the  large  amoiiDl  of  ground- 
water whii-h  linila  its  way  by  iiitiltratioti  into  the  sewers  of  the  East 
Ornnge  syistem.  Its  amount  has  beon  as  high  as  about  SO  jH'r  cent,  o( 
the  total  daily  flow,  and  it  has  midoubtedly  increased  somewhat  the 
cost  of  the  puritieatiou  tieatnieut  by  necessitating  the  nse  of  mora 
chemicals  tluui  would  be  required  provided  the  daily  flow  was  contiueil 
to  sewafje  proper. 

The  disposal  works  designed  by  Mr.  Dassett  included  a  chemioil 
treatment  with  lime  ami  sulphate  of  alumina,  suppfemtnteil  bi'  filtra- 
tion through  a  coke  tilter.  further  supplemented  by  iiitt-rmitteiit  fil- 
tration throu«.'h  land. 

The  following  is  Sir,  Bassett's  deseription  of  the  purificntion  works, 
with  slight  abbreviations,  as  presented  to  the  American  yoeiety  of 
Civil  Engineers; 

Tiie  liiiid  Hcrnieil  foi'  IIip  woits  was  sinfiTilavIv  iinfdvoralile  for  sewage  fiurifini' 
tiiiii.  Tlie  loiul  ai'i-a  nvnilulk'  ua.s  iiliont  lij  ncreti ;  ot  this  5  ncius  n-eie  cdvl-imI  lij 
UoiU'h  riijll-jiouil,  ninl  llip  cliunictei'  of  iIk  liollom  niav  i>e  iniilei'slooil,  vlieii  it  la 
rriiii'iiihi'ipil  llial  H'iioftlt'd  t'oiDpluint  o{  it*<  OciKisits  Itail  been  niml^  liv  ro>iulpi>tA  lo 
tliQ  Hi  elili  imtlioi'ilioK.  Tbc  druiiin^e  anil  IiiLU^fiLiuialioti  of  X\ie  jrotid  nns  lirU 
oul  to  Imsiile  lenidi-iits  ns  ciiiisolnliMU  foi  llic  liK-iilion  '>(  .-•■wa-;!'  |iuriBc»Ik.ii  wiiilis 
in  tljcir  nifilst.  Iti'frreuce  ia  made  to  tljc  gciieinl  gilnn  of  lbs  WfiikH,  Fig.  iif- 
Ibis,  t(it-elli<>i'  n'ith  llie  vieva,  Fign.  46  and  47,  will  show  the  reaid^ucos  tmi)i«>- 
diaii'lv  iidjuiniiiR. 

Tlio  Htiraiii  iiiilicaled  on  Ihe  plan  orif-iriallv  fod  flie  potid,  bnt  its  diniiin-l  liM 
been  dcffened  and  Ktraifibtpned — a  nillieici]>cnsive  jjiece  nf  ivoi  k.  sonnf  of  tlie  et- 
CovHtion  lieiiiK  made  in  qnieksniid.  It  ia  a  tiilinlai-y  of  Ibf  ra.«>-sir,  culled  Secoud 
river.  lis  volume  vaii<'s  fiiiiii  12  ealiic  tei-t  per  eecdud,  in  div  Wfiitber,  lo  T7fl 
cnl'ic  feet  jiiT  Hecoiid  floi>d  vohinie.  Afler  n  fliiw  of  ahont  4  miles  ii  fiilem  tin* 
Pii!»-aii'.  ncui'  Ibe  JnlnkeH  for  tbe  «aler  Bi3|i]ily  ot  Newaik  and  Jei^ey  City.  Under 
t]ti'N<'  t".ii:dilioiis  it  was  iieei-sMii y  In  M'cnie  a  vi'i*y  liigli  iniiily  in  any  sen-ujst  rfiliirnt 
which  "iiB  til  Im>  diH('bar);ed  iiilo  tlie  slienm,  and  Ibe  wmlis  mnsl  Ijo  o|ieiiil<.'d  wilb- 
otit  liieni  iiuisiiiiee.  N"  ii'iiEonalde  esj-enf-e  nas  s|piiieil  lo  miike  ibe  wtirks  cOicicnl 
and  ftl.Iiaetivp  ;  tliR  biiiKliii!."*  •■i.nKtiliiline  llic'  WMiks  ure  sboun  in  lbi>  Il|ll•l")r^^J■b^ 
Fi^.  411  nnd  47,  A  |i''''^'''"c  fti'eliileeliinil  ell'ccl  is  seemed  The  tiiasuni  v  le  "f 
liipb  eliis'i :  dr-ej)  l-lne  lia|i-i'irk.  Wilb  iii.  k  Fafe  nlid  H'tutii  jnintn,  (if-inli-d  witli  >»>\ 
mortal',  i*lieved  by  leil  brick  liitiiminR.i  Niid  cut  sioue  cujoIbIb  ut  the  front  alionl 
till'  douix  and  nitidown,  •'i-cnie  a  pciiuanRiit  and  ailiactive  up))t-iuiuu.-c  tA  tlia 
woi  ks. 

The  sewnyo  enli'r«  the  «i>iks  in  a  S.feit  by  3.feet  new  foim,  p|r!:~i'lia)yd,  brick 
Better :  discbaiwea  into  a  conduit  of  i-eetnnKnlai-K.H-li..ii.  hnving  lol«'ial  iT'iji-c-nun* 
eilendiiiy  aoaily  to  ii»  ceiitiL'  on  iilteiiiule  sidi's  i.i  iiii<-i-vulfi  iif  ihrre  (p.ii  aloiit: 
the  alia.     In  this  tiouduil,  cLomitals  fioin  the  biiildiiif  jwiti  Ibe  tewagt;  tlie  UUual 
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pi'ojcL'tioDM  of  tbe  iMiiTier  give  a  wliirliiig  motiou  to  the  stiwuge,  nliic'L  cuUBt^n  it 
complete  mixture  of  I'lieiiiicals  tritli  it.  The  t'Oi-iier  leads  (lie  sewage  to  the  piu- 
cipitatiou  tanhK. 

The  tanks  arc  cotLttiucted  in  i.tii)>lieiite,  one  set  being  olaauuil  or  Iviiig  idle  wliilo 
the  other  i.s  in  lue ;  Fig.  5<)  giveK  a  gcti<:-nil  i>lan  u(  the  buitdiag  and  tank»,  with 
liiiigitudirml  uiid  cruDS  Hei'tions.  A  brii'h  null  liH'iitei]  10  fvel  id  Uxmt  of  tlie 
inlet  to  thu  tikiiks,  checks  the  velnnily  of  etitraiico  tlow.  A  bunrd  flualtiig  oil 
edge  in  vci'Lieiil  guiib'M,  iiitcifeiitu  Ibf  lighter  lloBliiig  ujtitlerB,  aud  insures  Iheir 
eatui-otinn  UeUnv  inituiiig  it.  Tlie  etuHK-ivuIln  in  cui-h  tunk  divid';  it  into  three 
ounjimtltiiejits,  :iiid  tliu  flusv  jjiu-ses  over  tlieae  uilU  il  dii|i'h  of  alioat  2  inches,  the 
heavy  ULiilters  lii:iLig  iiiti-ruepted  ;iiul  atttliiig.  Willi  a  I'uiitiiiuuUB  flow  of  low  vc- 
liicity  in  the  tuiikK,  tiie  surface?  wun-i  is  liejii<'  i-uii.stuntlj  skininieil  off  into  the  cai'. 
lifr.  DnmiK  float  u  Kwivel  arm  in  I'luiii  euiii]iftrtnti.'iil,  wlii<-h  I'onueuts  with  n  low 
Hc-i'vice  ))i|je  in  the  Lutluiti  of  thu  taiik^  that  diM'hui'^i'K  on  tlio  mirfai'e  of  tha  ground 
lit  a  low  Invel.  Thesis  ui'ius  draw  wulei'  oidv  from  tlii'  mirfuei;,  l>ut  the  dnuiis  (ail- 
ing with  tlie  ivuti'i-  i'ii»blr  uiiv  anil  to  euiptv  llie  conijinilinenl  in  which  it  is  lin-iiled 
into  tlie  low  service  canii'r,  lending  to  the  siirfai-c  i>(  rh.'  trrounds.  The  effliierit 
from  The  iiiecijiilatiou  (miks,  uflcr  entering  Ihe  cairiciH  {Pi«B-  W  and  iil),  is  dis- 
tributeil  over  tlie  surfuci'  of  the  Jiltrutioii  grounds  aiid  dcBceiids  to  Iheiiiider-drains, 
wldch  art!  fiiim  :t  to  5  feet  deep  and  '2V  feet  ajMrt  over  the  entire  14.T  ncrcR  ill  tliP 
works. 

The  srwiijie  efflni'iit  is  applied  In  the  land  on  tlie  principle  of  interniitteut  doniw 
ward  lillmiion,  Ihu  tlow  Vieing  uppiiod  BUcccHsivelv  tn  ditTi-renl  arean,  Pari  of  llii.' 
luiid  is  luid  olT  in  hods,  4  feet  wide,  ncpuiatL-d  bv  hlmltow  furrows,  in  whicli  thi' 
wiili-r  flu«s  tiiid  souks  I  literal  ly  into  ihe  beds.  Tlic  rcm;dndt-r  of  the  land  is  di- 
vidi^d  inio  llal  beilH,  HH)  ff><-l  long  by  Sll  to  HHI  in  width,  over  the  whole  of  which 
wnler  flows.  This  latter  method  is  pre  fumble,  as  Uiore  waler  is  iHH]Kised  of,  and 
in  winter,  I'rost  is  moiu  cll^ily  hfjil  out  of  tlie  ground.  Italian  iTe-gi'ass  has  ginn 
the  best  ri'sulln  on  llio  land,  and  is  now  giYjwn  ulniost  oielnsively.  Faruicis  fiwiiii 
the  neigh! loi'hood  out  ihe  gra.ss  nnd  remove  it  as  is  ueeeasaiy.  hut  up  to  llii' 
(iiesent  limit  Ihe  town  authorities  have  not  Ijccn  able  lo  Kecure  a  sat  isfuetory  return 
on  its  sale. 

Within  Ihe  niain  hnilding  on  lhi>  firsl  floor  are  eheniical  uiixing  vutc,  lilter  pri.'!>.-<L-n. 
niudKO  ]>ressing  nuieliiueiT  (receivers,  air  conipresMiis  und  ]iuni['),  boiler,  und  h 
Bniall  oBico  for  records  and  Icsis  (Fig.  50(.  On  the  Boeond  floor  eheuiicnls  and  uia- 
teriala  aie  stored.  The  elieuiica!  inixei-K  are  cyliniiricul  last-iron  vats,  i  feet  in  di- 
ameter, with  inverted  eone-Bhuped  bottom  oveiluyed  with  a  jierforaled  plule.  The 
dexired  amount  of  cliemicals  is  placed  on  the  plate,  water  is  let  into  the  tank,  and 
air  blown  up  through  the  bottom,  causing  violent  ngitation  of  the  liquid  and  ri^ 
suiting  in  Ihe  ra])iil  solution  of  Ihe  chemicals.  \S'itli  a  known  flow  of  sewage  al  n 
given  lime,  it  is  determined  how  wide  to  open  a  Blide-viilve  in  the  bottom  of  the 
tank  after  solution  of  the  chemicals  is  seouiod,  in  order  to  add  the  desired  number 
of  grains  (ler  gallon  of  sewage. 

The  sewage  is  mainly  of  a  domestic  character  and  somewhat  constant  in  its  alka- 
linity. Not  more  than  3  gniins  of  lime  and  'J  giains  of  siiljihale  of  nluinina  ore  no« 
added  to  each  gallon  of  sewage  by  the  uulhoiitiea,  ulliiough  when  the  works  weri' 
placed  in  operation,  the  author  recommended  the  iiso  of  B  gmina  of  linic  nnd  111 
grains  of  siilphnle  of  iiluminn  per  fiallon  of  Ihe  sewage.  The  present  result  i« 
a  le.'is  efficient  precipitation.  A  eonibina'iou  of  chi'niical  pi-ecipitnlion  and  laud 
filtration  in  ihe  woiki  makes  it  possible  lo  increni-c  the  woik  perfomictl  by 
the  land  by  lediicing  Ihe  ctlieiency  of  chemical  treatment,  and  riif  rrtwu.  The 
labor  of  pniiticnlion  now  |il"eed  U]ion  the  grounds  in  greater  than  its  tHjuittible 
sliare  as  originally  intended.  Much  better  resnltn  could  be  secured  bv  calling  out 
Ihe  full  ediciency  of  the  chemical  Ireatwent.  To  relieve  the  lUtraMon  gi'otinds, 
which  have  rather  u  relenlive  soil,  sevcml  ailillciul  iilter.beds  of  coke  nnd  gmvel 
were  constructed  under  my  direction,  und  have  l-een  of  malerial  nvi\  ioe.  (Sei>  FiH 
18. 1 

Returning  now  to  the  prei-ipitiited  matler  of  sludge  in  the  tanks  :  after  th«  sujicr- 
uatanl  water  i.i  drawn  off  through  Ihe  swivebarni  into  Ihe  low-sen-iee  earrior.  a  valve 
(jato  13  opened  and  the  sludge  drawn  into  the  deei^r  sladge-well  withiu  Ihc  bnild- 
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An  fknal^siB  of  flesh  sludge  directly  froiu  iLe  piPb.s,  uiailc  So]>leni1)er  lltli,  IttSt, 
by  Mr.  Cbfii-lPs  T.  Poincioy,  cif  No «iitk,  N.  J.,  gore  results  us  follows  ; 

Nitriigeii  frcitu  orgnnic  luntler 32fi  per  cent. 

Total  jiliosplioric  ucid .459         " 

Moisture 50.625 

Uaiiid  the  1S8[I  iruile  vahie<t  ado|itPil  by  tlie  New  Jersey  eiju'riiiu'iit  NlBtion  w*  | 
have  nil  estiititit-'d  worth  of  ^I.Til  ]ii-i  Ion.  'J,0<.l()  jiDuuds.  Thin  iihidg't-  quite  iiijiidlv 
lost  il.'i  moisliiie  on  ex])osure  to  Che  air,  until  it  cotitaiued  <i.!IT  yvy  ceuC.  nioislurD. 
If  ilni'il  nt  llHI  ilegreeK  C.  it  would  have  au  eBlimnted  volue  ot  iH.W  per  lun,  3,000  i 

JlOUlllls. 

Th(-  iiiaehinerj  useii  iu   iiiaiiipulatiii)*  the  sludge  wua  eoDslniL-ti'il  hv  H.  H.  Johti- 
son  A:  Co.,  Ktratfoid,  LuglHtid,  who  Luve  erected  numerous   [Flniits    iu  £iigliU)d. 
Their  niaehiiieiy  in  the  snhjccl  ot  several  iiutenlfi,  mid  uo  sinnlnr  devices  are  mtLiiii-  I 
(actiired  iu  this  country.     S"ot  all  of  thu  jiiacliineiy  furni«heii  has  been  HnliijfHetorT.  I 
The  combination  racuuni   niid   cuiupi'ession   jniuip  iind  tliH  liiKh-prettKure   wotci- 
piimp  gnve  eoriBiderable  troulile,  uud  have  licen  leplnced  by  a  C'loylou   compressor  , 
.    ,     .     .    and  a  WorthiiiBtou  ■iiijilox  pump 

Tlie  method  of  maiLlaiuiiig  nud  secuiinp  the  pressure  in  the  hydro- pneumatic  re- 1 
ceivera  to  press  tiie  aluJgo  is  noithy  of  brief  comment.      There  nte  three  iecelr*'i« 
in  llie  sjBteiii  (see  Fiff.  51];  let  tliem  be  represeiileil  by  A,  B  and  C.     Air  pii^jie*  ont  ' 
Bl  Ihe  top,  aluJge  at  llip  bottom,  water  enters  at  the  pide  near  the  bottom  and  i>xit«  I 
at  the  boltom.     All  Ihy  ret-oivei*s  are  empty,  exeept  ot  air.  Water  is  pumped  into  .1 
and  li  and  the  air  tiAiisfer  mains  opened  lo  Iransfe.t'  their  air  to  C.  raising  the  prru-  , 
ure  111  J-'i  )H.iiiuds  per  si[iiare  inch.      The  valve  on  the  air  main  tinm  ('  in  elowd. 
Th"  wiifer  ill  A  and  II  ia  diftiiied  back  into  a  shallow-  tank  in  the  floor  of  the  build-  ] 
iii(r  with  whieh  the  pump  anctidn  is  eimuected — air  tsking  ita  jilace,     WatM  la 
again  foLved  into  .-I  anil  B,  operatiug  proper  valves,  and  (lie  ]ii'cs£iii'«  in  {'  in  ntii-til 
to  T-"i  jionniis  pei'  ,'*(]Uare  inch.      A  rei>etitloii  of  this  proccHs  brings  the   pressure  tn 
('  to  Ul5  pound.s  per  sipiare  iiidi.     .-1  aiui  /I  are  emptied  as  before  and  a  vncunui  ui 
A  ercaleii,  iht  sliidfie  Miction  pi|ie  ia  opened,  and  -I  if,  filled   wilh  sludge.      WbIit 
is  now  puffi]ied  into  IS.  forcing  ils  nir  into  V  and  thcuee  into  A,  lo  force  the  slndgp 
into  the  juess.      When  It  is  filled  with  water,  '.'  may  be  tilled   with  uii'.  and  .4  Willi 
sludgti  and  air.     When  a  receiver  is  tilled  with  wnter,  a  flnat  valve  at  the  top  do-e*  ' 
the  oitllet  to  the  dir  tmiisfcr  niaiii,  and  weighted  valves  on  the  force  maio  litlaiid 
relieve  the  prcsfuiro  on  the  pump. 

The  value  of  the  process  unw  first  ap|iears.     Ji  is  emptied  of  water  and  micil  with 
shidgf ,  while  nt  the  same  time  water  Ik  liMiig  forced  into  ' '.  imil  by  eoimection  Willi  ' 
.■I  foreint!  the  reuiaiiicjer  of  its  sludge  into  the  press,     Compi*essed  air  is  tbiin  nivi'ti 
allowi»d  to  escape  into  the  atmosphere.      Wlieii  ''  is  lillud  with  wiiter,  it  ih  leiulv  In  , 
be  tilled  with  sluiige.  wliib:  at  the  name  lime   water  is  foiceil  into  A  and  Ihe  HludK^ 
of  II  foiri'd  ill  the  pri-HS. 

Tl]<'  tilter  press  Nhowii  in  Pig,  52,  cnnsista  ot  thirly^ix  caet-imu  cells,  supporleil 
on  a  -imple  frame,  with  a  central  feed-passage  itito  which  the  sliidge  is  forced  lioni 
the  receivers.  The  cells  are  tieparaled  by  canvas  bags,  and  in  the  intereeilnlnr 
HpaccH  the  sludge  reniaina.  while  the  water  is  dmined  out  through  the  cauvuK  buini 
into  a  trough  on  the  rear  of  Ibe  press,  and  I'eturns  to  ihc  tanks.  On  tlte  end  o(  llir 
press  is  a  caps-tan -screw  connected  with  a  thnisl-bloek  which  presses  the  tbiKy-t"i\ 
pell"  of  the  press  into  close  contact,  It  is  tlie  aiv  pi-essure  which  sepaliite«  Ihv 
water  from  Ibe  shiilge. 

There  ia  nothing  offenaive  alniut.  thewe  caken  when  presttetl  dry ;  and  if  prolcctci) 
frcun  water  after  being  taken  from  the  press,  they  may  be  kept  in  bnik  (or  werks 
without  nuisuuce.  In  the  presence  oE  lieut  and  moisture  they  become  mom  »r  les* 
object ionalile.  The  maiiurial  value  of  the  sludge  c-akes  in  xliulil.  The  siuaJI 
amount  ot  precipitants  used  faiU  U<  retain  the  bulk  of  ferlilizing  mattei*  in  the  bpw- 
age.  Al  present  belweeii  ('.(HKI  and  ]0,tK)0  people  are  contributing  to  the  semMjv, 
and  about  18  tons  of  kludge  are  taken  out  each  week.  Some  of  the  sludge  eak«i  J 
lias  been  sold  at  fifty  cents  per  load  ;  bwl  more  has  been  gi»eu  away  among  n<<igh> 
Iwring  tanners,  while  a  large  uuionnt  bus  been  carted  away  by  the  authorilies  for 
burial  when  no  other  removal  offeivd. 
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A  committee  of  tbe  "  Town  Improvement  Society  of  East  Oiticge"  .  .  .  dutet- 
iniiieti  dni'iLg  tLo  summer  and  full  of  IHflOto  iiivestigute  llie  opeialion  of  tbe  works 
ttud  tlieii'  results.  Tliay  si>cuied  and  submitted  to  Professor  A.  R,  Leeds  two 
eamples  o[  effliiont  watei-  for  exam iiiu lion  and  lejiort.  Tliu  lesults  genernliy  »ri- 
lietler  tlinn  rosiilta  secured  for  tbe  autbor's  use  from  lime  to  lime.     , 

Tlie  summary  of  Pritf^BBor  Ijeeda'  aiialyscH,  us  <iuoted  by  Mr.  Ba»- 
sett  from  the  committee's  report,  ami  such  of  Profpssor  Leede'  com- 
ments as  are  necessuxy  by  way  of  f  xplaiiation,  are  as  follows  : 
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*  Bow Hg*  iiMwn  thmu^h  anuill  aolto  fUlvrn  ut  Ita  exit  from  tmikii. 

Sample  No.  1.  Tnken  from  tbe  flow  as  it  emergen  from  tlie  coke  filter  as  the 
sewaf^e  leaver  tbe  tank. 

Wben  received— Sept.  R,  18510.  Color— Til rli id  witli  wliite  flopkH,  Taste— Not 
tried.     Smell— Unpleasanl.  mnstv. 

The  results  above  s[ttl"d  indicate  the  presence  of  u  large  amount  at  unoxidiei'ii 
aevage.  1  should  also  Mi»i)eet  tliat  lliis  sample  rfpi-eseiits  sewer  walci-  ivhicli  has 
rceeivHl  tlie  nddilion  of  soinc  liino.  taken  at  a  point  before  tbe  benefit  of  Ibis  ti'init- 
ment  lias  been  oblnined.  Tlie  effeet  of  tbe  addition  of  lime  is  to  iiierease  the  lelii- 
porary  hardness  (iii  tbeniiove  annlysisit  is  ]:i  (i  parts  jier  100,{H)t)),  after  tbiR  lioiehan 
operated,  by  conibIiiin|r  witlj  the  lurge  aniouiitH  of  carbonic  aeid  contained  in  sov- 
age,  mill  the  etirbiHinte  of  lime  rpnultini;  fram  this  conibinution  ban  precipitated, 
carrying;  with  it  mncli  of  tbe  orjjfanic  matter. 

Sample  Nn,  2,     From  the  finsl  effluent  into  tbe  liiiiok. 

When  reeeived — Se]ileiiiber  8,  I8HI1.  Color — Wliile,  eleiir.  Taale  Not  lolled. 
Hmell — Not  pleiisant,  sliulitly  nmsty. 

Tt  will  be  seen  that  the  tempoiikry  hardness  dimiiiishoB,  and  the  bouelit  of  tbe 
treatment  beeomcs  iijiparent.  Tlie  second  sample  is  Mrddii(rly  iliireiTut  from  So.  1, 
It  sbous  nn  iilniost  eulire  disnppeaninre  of  the  nil toi^eiious  ontanic  matter,  the  fre* 
■lumonia  being  only  -^M'  mid  the  ulliuminoid  HiDmoiiia  V-th  of  llie  iiniounlx  pii'seiit 
iu  siiinplo  No.  1.  This  disappeiiiiince  in  evidcpilly  ilnt-  to  oxnlalion.  since  Iht 
nitiiites  ('whifh  arise  from  the  iii.Kor|ptioii  of  oxygen  niiilev  tb.-  inflin'neeof  nitrifying 
bacteria  in  ilie  ginund)  are  stiikingly  im-rensed.  I  shuniil  sus]iect  Ibis  suinple  lu 
represent  aerated  sewage  wati'r  niiicb  has  imssed  lliiougb  the  (tr^und.  Iu  itA 
paBsa-te  its  sewage  impurities  have  been  efT.Ttuiilly  removed,  and  the  niibstancoai 
remaiQing  are  such  ns  are  found  in  country  slii'mnH  in  their  nutiiriil  uii)Hitlnted  cnn- . 
ditio[|. 

I  should  eeilainly  feel  far  loss  sense  of  danger  in  drinking  the  sewage  ■>fHnm)t,  m 
represented  by  tbe  samples  sent  from  tlm  East  Orange  Sewage  Disimsal  Work*. 
than  in  drinking  the  water  of  the  Paswaio  viviT,  as  pumped  at  Belleville  and  •tlj'- 
plied  to  the  inbiibitaiils  of  Jersev  City.  Your  effluent  (Si-pleniber  Mli,  1890)  tt-n- 
tained  11.0017  graitm  of   albuminoid  ammonia  j>cr  gidlon  :    tin-   PaHsnic   riiet.  ■) 
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Belleville,  on  tlie  dale  of  hit  liisi  lumivsis  (June  Htli,  INSMIj  couliiinfil  0,01  grain 
per  guUon,  In  utlier  words,  tuking  Clio  ailjiiaiiuoiil  auinnmia  an  the  measure  of 
Bun'AgK  i-ojitik  III  illation,  the  Jcrney  Cit;  water  coutaiiis  six  LiiiieH  more  sewage  than 
tlie  elHiieDt  wuters  from  voiir  works. 

As  cLemiat  for  the  JeVsey  City  Boniii  of  Pubiir  Woi'ks,  from  1881  to  1886,  I 
found  very  many  miinpleEi  of  tlio  Piissuio  water  even  worse  ilian  tlie  aliove. 

I  regarii  the  |iei'tormunce  of  your  works  ami  the  charanter  of  the  efflnent  as  satie- 
faotoi7  from  both  the  piiLctitral  and  sanitary  standpoints. 


■  Tlie  total  coat  of  the  works  to  January  1,  1891  (including  about  4  milee  of  exton* 
H  sioiiB  Qoniitructed  since  my  connection  with  the  work],  ia  giren  as  follows : 

■  Tb 


Mr  Bausett  reaumes  Lis  desciiption  of  the  works  oh  follows: 


Chargeable  against  sewerage  system  (29  miles] S3'22,0'J0.64 

Disposal  works  plant 75,0!18.GO 

Dis|)osal  works  land  (including  4  acres  not  used} ....        20,749,^ 

Total 6117,868.44 

The  cost  of  o]>e]'ating  the  works  has  been — 

Jalv,  1888,  to  March,   1B89 8562.00  per  mouth. 

Maroh,  1889,  to  March,  1890 746.00 

March,  1890,  to  Januan-.  1891 881.00 


Ground-water  from  25  miles,  construoted  under 

my  direction . 550,000  gallons, 

Oround-water  from   4   miles,   oonatnicted   since 

June,  1888 100,000        " 

Flush-tank  flow 30,000        " 

House  sewage  flow 620,000       " 


The  average  daily  flow  of  sewage  reaching  the  disposal  works  is  approxiinatelj' 
B  1,300,000  RallouH,  or  an  average  of  about  90,000  gallons  per  acre.  The  need  of  the 
■  coke  filters  it  therefore  apparent.  This  daily  flow  uiay  be  approximately  divided  as 
^L  follows : 

H  Accorilmg  to  a  statement  made  by  Mr.  Bassett  in  Atigtist,  1891,  at 
that  time  the  several  items  whiuh  entered  into  the  expense  of  opera- 
tion, were  appro Kiiuately  as  follows: 

Engineer  and  laborers  at  building,  coal  and  water,  oil 

and  waste 8300  per  mottlh. 

Cheiiiii'uls.  including  lime    200          " 

Manager  and  two  helpera  on  gronnds I5&           " 

Bemovul  iif  sludge 70           '■ 

Total       8725 

About  16,000  people  are  stated  as  contributing;  sewage  at  the  time  of 
the  foregoing  statement.  The  annual  per  capita  cost  of  mnintenauce, 
therefore,  osclusivi.i  of  interest  charges,  was  about  60  cents. 

Mr.  Biifisett  states  that  tliis  per  capita  cost  will  probably  reduce  as 
experience  and  volume  of  sewage  increase. 

Later  information  regarding  the  cost  of  treatment  and  other  feat- 
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uiPH  nf  the  works  was  o]>tainKil  l>y  a  persouul  visit  in  Novemlier,  iHwa, 
tts  follows  : 

Mr.  J.  J.  O'Nfill,  Towiisliiji  Eiigiuwr  of  Kiust  (lrii,ijtf<^  slated  that 
the  cost  of  operiitiug  thu  works  for  the  nine  luunths  from  Jaiiimry  1  Ui 
October  1,  181»2,  hud  beeu  as  follows: 

Jjibur Si3.»35 

Cliemicalo.  i^oal,  oil,  caovna,  rejiaii's,  Hundrieii 'J,1in 

Total «G,11S1 


This  is  at  the  rate  of  nlioiit  $675  |>er  mouth,  or  Sift.lflO  I'er  Vfar,  or 
about  66  cents  per  inhabitant  [wr  yuar,  on  u  basiH  of  u  poimlation  of 
14,500.  Tho  decreased  cost  of  operating'  tJie  works  in  I8i)2  in  said  Ut 
have  been  due  to  jiri'sivtei'  efiiciency  of  labor.  The  force  at  the  di.spoRiil 
works  iu  Xoveinbor,  1892,  inchulfd  a  foreman,  enjrineer,  and  live 
laborers.  The  tiiiiks  are  cleaued  three  timen  a  wi'ck,  anil  their  sidi'i* 
whitt'washoil  or  treated  with  some  other  disinfectant.  The  sliRlge  cakes 
are  generally  drawii  to  the  i)oor  farm  ami  there  buried  or  disposed  of 
otherwise.* 

Lime  is  bmight  oi  a  local  dealer  at  95  cents  per  biiiTol,  delivered  at 
the  works.  Sulphate  of  alumina  costs  about  1^  cents  per  pound  at 
the  works,  and  in  bon]yf!it  by  the  carload  from  the  New  York  bvanoh 
of  Harrison  Bros.  i\:  Co.,  PhilndeipliiH. 

In  November,  1892,  there  were  in  use  about  33  miles  of  sewers  and 
1.685  house  couuections.  Most  or  nil  of  the  Hush  tanks  were  not  in 
use  in  1802.  and  the  daily  How  of  Heivasje  for  that  year  is  g-iven  nl 
l.'iOO.OlH)  fjalhms,  whitrh  is  said  to  be  less  than  it  was  previously. 
owing  to  a  decreass  of  inHlti'atiot)  of  groviml-water  to  the  sewers-f 

•July  15.  ISW,  it  wu«  tUteil  *t  Uis  di»po«il  worki  th»t  the  ulinlge  WM  hting  d™wii  »w»rh)' 
fai'iiHTx.  nitliiKit  vKmiu^nuliuii  un  eitlicr  sidu ;  ftlu),  tbftl  to  ilist  date  two  crapB  of  gtoa*  bail  bfco 
oat  £ri>ni  Ihrr  iliHjjosal  urea. 

t  The  RoTtrceH  of  information  in  regard  t>i  the  8vivii|;p  DiHfio*'a1  WitIu  nt  En^t  Omrieo  an 

|l)  Ur.  BiMactt's  (HtptT,  Inland  Sewago  Drajional.  with  tip<:uiid  lti:futi-iiuf  to  tile  East  l)i>u);c, 
H.  J  ,  W.irkH.     Trail,  Am.  Roc.  C.  E.,  vol.  I>v.  (1«H|,  pp.  125-110, 

(■Jl  The  Etti-t  Orange,  N.  J,,  Sewerage  .SyntMn,     Bog,  News,  vol.  mi,  Ui»i   Sand  1«,  IKHtl).  jii^ 

(^1  Sewerago  of  East  OnmKe,  Hew  Jernoy,  Eng.  and  Rldg  Rnxl,,  >nl.  riii..  (IS^)  )v  lA:  aW 
ToL  li.  (L»*Vi),  p,  :il3  ;  also  vol.  xii.  (!>«*<>),  pp  8T-tui  and  1(I7-I1M>- 

(4)  Tho  East  Orange  Sewage  3Upuu1  Works  as  Ciinipnied  will)  Otiier  .Mpchoil>.  Alictraol  of 
paiwr  read  before  N,  J.  San,  Ahboo,.  Treutnn.  Not,  T!.  iS'^il.  By  Cam.!!  Ph.  IlBMi-lt,  13lli 
An,  Rept.  N.  J.  Si.  Bd.  Health  (IS8!>|,  pp.  lH-fi;  aW  in  retised  Uirai,   Eng,  Newn,  vol.  xiiii. 

(Fell,  ir.,  iB!M)),  pp.  UK)  na 

iTt)  The  repoTt'i  of  Mr,  Croet  and  the  Committee  on  S^wi?rage.  ete, ,  of  the  Town  Improvaae 
Soi'iety, 

|<t)  Sewagp  PiirificatioD  in  Amsrioa.  East  Orau|[«,  N'.  J.  Ung.  Newa,  voL  xiriii.  (Dm,  I, 
IBM).  pp5a)-631. 


CHAPTER   XSV. 

CHEMICAL  PRECIPITATION  AND  MECHANICAL  SEPABATION  AT 
LONG  BRANCH,  NEW  JERSEY. 

In  the  fall  of  1884  the  local  heultli  authorities  of  Long  Branch,  New 
Jersey,  couaulted  Carroll  Ph.  Bassett,  M.  Am,  See.  C.E.,  in  regard  to 
the  introduction  of  sewerage  into  that  town. 

On  investigation  it  was  found  that,  while  urgent  need  existed  for  an 
efficient  removal  of  sewage,  the  limit  of  the  city's  bonded  indebtedness 
had  been  almost  reached.  An  increase  in  the  limit  could  only  be 
secured  by  a  popular  vote,  and  would  probably  have  been  defeated.* 
It  was  finally  decided  to  allow  a  company  to  build  works.  The  neces- 
sary legislation  was  obtained,  and  a  |»rivate  company,  incorporated 
under  the  State  law,  introduced  a  system  of  sewerage.  A  number  of 
the  pub  lie -spirited  citizens  of  Long  Branch  were  interested  in  the 
control  of  the  sewerage  company,  and  it  was  considered  that  a  matter 
8u  intimately  related  to  the  health  of  the  town  could  be  safely  intrusted 
to  their  hands.  Surveys  were  made  and  plans  perfected  in  the  winter 
of  1885-6,  and  in  the  following  spring  the  main  portion  of  the  sewer- 
age system  was  constructed. 

In  the  agreement  between  the  town  and  the  company  it  was  stipu- 
lated that  no  objectionable  matters  should  be  poured  into  the  adjacent 
waters:  hence  the  introduction  of  some  process  of  puiiJication  was 
imperatively  necessary.  To  meet  the  lequiroments,  a  system  of  par- 
tial chemical  precipitation,  supplemented  by  filtration  through  coke, 
was  devised. 

The  system  has  Ijeen  described  by  the  engineer  as  follows : 

Tlie  topograiiiiy  of  tlie  town  is  Himplf.  A  viJRe,  twonty  feel  nLove  meati  tide, 
roUi  np  from  the  beach  Bnil  falls  easily  back  to  u  iiiimllel  vnlley,  500  to  600  jards 
fnmi  the  Ireach,  whirli  nveinf^es  nine  lo  ten  feet  above  mpnn  tide  tliumqhoiit  (lie 
length  of  the  town.  Tho  west  slope  of  the  vnlley  riseK  k ■'<■<] o" 1 17  for  a  fraction  of  a 
mile,  where  it  again  dips  to  foini  a  swondaiy  valley.  This  second  ridtre  is  intcr- 
Bected  by  several  streams  and  depressions.  It  would  lla^■e  bi-en  a  simple  matter  to 
coQBtmct  aewevs  adapted  to  the  needx  of  the  bnilt-iip  portion  of  the  town,  bnt  to 
desigD  a  oomprehenHive  system  capable  of  extension  and  development  to  meet  the 
needs  of  the  entii'e  adjacent  teiritory,  and  conditioned  on  the  location  of  the  works 

*  In  rq[ud  to  the  unitary  oundition  of  Lnnij  Braneb  jirvvioui  to  the  uonitnictioii  of  the  newer- 
tft  worka,  nee  {!)  A  Report  nn  an  Inapection  of  Cfitain  Hcaltb  Resorts.  By  E.  W.  Bowditch, 
Bu.  Eng.,  in  Rept.  Xat.  ltd.  Health  for  yr.  end.  Juoe  30.  18)ti,  pp.  IS3-18T :  Ci}  7th  An.  Rept 
H.  J.  St.  Bd.  Health  <IHS»|, 
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for  the  treaf.ment  of  (lie  sewagfi,  wa»  n  c omplex  iiroblem  of  PoiiHiilerable  niag^ilmle, 
(uul  requireii  uu  I'xppiiae  in  eoiiBlnictioii  oiilv  juBtitied  by  tlje  ileriiaiula  of  llie  ftilnrB, 
anil  in  tlie  mnliiug  uf  vliit^li  tlio  company  are  slated  to  liuve  ilcmoiiHlmted  tlieir 
good  fai'L  ami  d«t<-nni nation  to  meet  tlic  iioi-Us  of  tbu  piilire  t'uiimiuuitT. 

Tlie  ajHtom  conatrueted  is  (lie  "  soparalc"  avstein.  Tlie  sewngp  is  collecled  in 
vitiitled  pipes  (eigbl-iueli  being  tiie  uiiniuiuiuj  into  tlje  niain,  irLieli  flows  iu  tlie 
piiucipal  vuUey  (twenty -four-iiicii  beiug  the  niaximum)  ;  pa,saca  through  the  boild- 


P'on. 


^^^^nt^'v-jyj'^ 


Fio.  63. — PiuiK   ist)  Skctiokb  ov  PntiTFicATios  Wonsa  at  Lono   BiiARca,  Kbw 

JRKBKV,    AND  SRCTinNS  TltllODOtl   TtKM.   CtlAUtlKU. 


ing,  where  it.  iindpi't,'"''**  thi>  trentmpiit ;  Ihcni-e  lo  'lie  tidn!  rhninber,  in  wliieli  It  is 
controlled  bv  aiilnnialic  vnlvos  mid  diwIiniKi'd  on  llie  fiiitf-oiriK  liili>  into  ihe  oc<'hb 
thr"iiKii  a  wi'oiiKbt-iroii  pipe  f^itppnrfed  on  piien  and  cxlrii<liri(r  'JllO  fert  fmni  shore. 

Mnn-liolc!'  ai*i>  plnreil  nloii^  llif  \\i\e»  ut  iritrrvnln  not  (■i'(>ii(t>r  lliau  SIM)  feet,  an;l 
at  all  i)evial)i>im  of  nliuniiK-iit  <'i'  ^nidi',  '^rcniiiiK  i''>iilLvd  kih)  loriilion  of  iniuhlea  in 
the  piiwi.  The  covimb  nii>  jHTfi-riili'd  lf>  secnve  vcniilntiioi,  iind  biiclitits  are  l«  be 
hniiR  jiittt  lii-nefttli  tlir>  rovi'iii  lo  cnlcli  dirl  rind  Bund  full  in  fi  llii'niif'h  I  be  huleii. 

As  the  seivei's  ni  □  di)«i|;;iipd  t'>  nci'oininodntc  tlii'  miixiiniini  tloM'  of  tbo  crowJcd 
season,  the  miun  does  not  receive  ck-iuiaing  flow  duiiug  a  large  portion  of  the  jmr. 
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^ri-anguineDts  are  maJe  for  liberal  fliisliiug  along  the  lines,  and  in  some  location* 
:lie  bi'ook  can  be  turned  into  the  «ewer». 

In  tlie  sectiou  of  the  town  tu  which  the  sewoife  would  gravitittc,  little  available 
land  for  treat  men  t-wui-kn  could  be  ubtuined  ;  and  the  inaid  sttn'fr  woh  necessarily 
looaled  at  so  amall  a  height  above  mean  tide  that  consideiutioos  of  econoujr  de- 


Mndent  no  a  gravity  ontlet  ilfimani1»"l  that  thp  shnrfest  line  to  ths  ncptm  be  pto- 
riilt»fl.  This  pi'pvpiitpil  anv  Icncrthr  tl'^tcmi-  nf  IIir  mnin  Konpi-  tn  tirniTiipn'-woiks, 
md  virtnnllT  detenu iuftl  thMr  h'^ntinii,  A  Hninll  iilM  ')f  fioiiml.  1()0  x  10(1  feet, 
)n  liTing  Bi-aiicl)  nvpinip,  ii*>iii-  Kpcntnl  n'*piini\  a-av  firmlW  profnred  nnil  'lie  ivoi'lf" 
irect-ftl  there.  The  IniiMins  is  ■^ii-minrioO.  cloin  r.n  frprv  xirlB,  by  dwellings  and 
ihopa.    Chemicals  (lime,  aluti),  etc  ;  an:  iiiin^clcd  with  tho  sewage  at  its  antnuoe  to 
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fhe  woi'ks.     Together  tlie;  flow  into  tlie  receiving  taukK.  n-liich  are  coDStructed  ut 
duplicate  of  concrete,  ami  receive  tlie  sewage  ftlteruaU'lv,  the  one  being  cleaned  ' 
while  tlie  oilier  h   m  uiw.     Tlie  course  of  tiie  sewage  in  the  tanks,  imder  plunka  | 
floating  on  i;dge.  over  walla,  tlji-ongh  siibiuerged  aiehes,  as  shown  in  the  acconw  ' 
punying  sketcli   (Fig-  53),  is  siicli   thut  in  the  thirty-feet  flow  a  large  part  of  tlio 
iiial'tei's  in  Buapensinn  siitijes  wjili  tlie  cheuiiLul"  into  the  bottom  of  the  tank  ;  the 
Hewflge  then  enters  the  seiiea  of  iiortable  coliu  iillers.     Provision  in  made  for  tonr 
deep,  narrow  wire  cmges,   sliding  in  guides  and   holding  different  sizes  of  coke. 


Cli/uxl  L"w 


Fxii.  55.— Dbtailh  "F  Si.iiDnit  CoMcnussnus,  LnNo  RiiAKni.  Nkw  JbRBBT. 

When  tilt*  fillers  ara  i-leau  a  very  fair  purity  is  seonred,  and  il  is  heliev*i)l  thai  Ihp 
pnwess  in  capable  of  considerable  development,  'I'lif  colm  wh?n  laken  from  ihn 
tranitifl  is  nsfd  as  fiiPl :  it  could  with  (■are  be  used  agaiii  as  a  lilliT.  ciToeting 
economy.  The  flow  in  Ih'-  twiks  is  cntiliiinoiig.  Ginsidemlde  loss  of  licad  nccupt 
in  the  flow  tliniiigh  tlie  Hltfin.  and  when  Uiey  are  in  Hpnralion  the  sewngc  has  to  Iw 
piinipfd  lip  lo  Ihe  level  of  the  j-mvitT  spwer.  This  is  accom|)lishcd  by  a  Hi-itiDii 
cenlridica!  pump,  built  by  thi-  \Vi4)i>r  Machine  Company,  of  rjiwrencol  Maaaadlin- 
sf^ta.  Whf-Ti  till' fillers  arc  nut  the  sewage  pnnaes  IlirmiKh  the  works  liT  grsTitT. 
After  sufficient  deposit  ii  sceured  in  one  of  the  tanks  the  flow  i*.  ilii-rrted  to  tin 
other,  and  tlie  water  is  drawn  down  in  Ihe  tU-st  tank  nearly  to   ibt?   level  of  llif- 
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sludge  (or  deposit);  the  reniniiiiDg  conteuts  of  tlie  tank  are  tlien  iltanti  into  n 
wi'ought-iron  slucige- receiver  liy  creating  in  it  a  vacuum  witli  a  vaenuui  eugini-. 
From  this  receiver  tbe  Bliiclge  is  forced  by  comprcBsed  air  ipto  JoIihsou'r  fijter- 
presa,  where  tLe  liqniJa  are  pressed  from  the  sludge,  leaving  jrortaMe  cakes  to  be 
used  as  guano.  A  by-pass  is  arranged  on  the  wain  sewer  near  the  building,  so  that 
sewage,  in  case  of  accident  or  emergoucy  and  during  tlie  winter  aeaaou,  can  be 
made  to  flow  by  gravity  directly  to  the  tidal  chamber,  avoiding  the  works.* 


I 


Fi".  lifi  — Dktaii.b  of  SLtnxiB  CoupitRssoiis,  Long  BnANcn.  Nbw  Jkiisbv. 

The  population  of  Loup  Brantih  in  winter  does  uot  exiieeil  7,000 ;  in 
Bummer  it  is  eatimitted  iit  80,000, 

The  sewers  receive  noiiif  loot-wjiter  at  the  hoiwl  of  the  lines. 

On  a  visit  to  the  plant  Dec.  1,  1892,  the  following  adilitional  infor- 
mation  was  secnretl  thiongh  the  iiourtesy  of  tlio  uflifiLilH  of  the  iioin- 
puny : 

There  were  in  use  on  the  nhove  ilate  aliont  ten  miles  of  sewern  nuil 

'  DaiKription  uf  Loujj  Bnnuli  Sewvrsgc  Syatem.  Bj  Carroll  1%,  BaawtC,  lltli  An.  Rupt.  S.  J. 
BttAe  Bd.  HenlUi  (1887),  pp.  8»-l'l. 
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400  house  connections.  The  tidal  chamber  provided  to  permit  of  dis- 
charging  the  sewage  at  high  tides  is  not  nsed,  difficult  construction 
and  economy  having  reHulted  in  a  chamber  too  small  for  practical  use. 
During  heavy  rains  in  the  winter  seasoD  no  attempt  at  purification  is 
made,  the  sewage  passing  around  the  station  directly  to  the  ocean. 

About  75  pounds  of  alum  a  day,  coating  I^  cents  per  pound  in  New 
York,  has  been  used  since  the  plant  was  pot  in  operation.  Lime  is 
used  for  treating  the  sludge,  only  a  small  quantity  of  the  latter,  it  ap- 
pears, being  secured.  The  sludge  is  given  to  one  of  the  directors  of 
the  company,  who  uses  it  on  his  farm.  The  sewage  passes  tbrongfa 
two  coke  filters,  and  the  coke  is  renewed  only  once  a  year  at  a  cost  of 
about  $2.  No  records  of  the  amount  of  sewage  treated,  or  of  the  daily 
flow,  are  kept.*" 

•  Sm  Buft  News,  toL  xinii  (Deo.  23, 18SB),  pp.  oaCMtS. 
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THE  MYSTIC  VALLEY  CHEMICAL  intEOTPITATION  WORKS. 
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The  water  supply  of  tlie  Cliarlestown  diBtrict  of  tin-  city  of  Boston, 
ami  of  the  to^^^la  of  Ohelsoa,  Everett,  imd  Somurville,  i»  derived  from 
the  upper  Mystic  hike,  wbk-h  in  iiVjout  Oi  iriiUrs  from  Charlt-Btowij,  in 
the  towns  of  Medford,  Arliugtou,  and  Wincliester.  Its  area  is  about 
200  atTCH  ;  drainage  area,  27'^  square  uiile.s  ;  and  moan  atirfiice  elevatiou, 
about  7  feet  above  tide-water.  The  storage  capacity  is  about  380,000,- 
UUI)  grallons. 

In  Winchester  aud  Woburu,  uear  the  head  of  the  upper  Mystic  lake, 
are  about  a  dozen  tanneries,  the  drainaf,'e  from  which  formerly  passed 
directly  into  the  upper  bike.  A  consideralde  amount  of  h ou.se -ib-ain- 
iige  also  passed  into  the  Abbajona  river  (the  influent  stream  to  the 
tic  lake)  or  into  its  tributarie.s.  The  effect  of  this  draiixage  was  to 
Swriously  pollute  the  Mystic  lake.  .\fti:ir  the  iicquiremeut  of  the  Mya- 
tic  supply  by  the  city  of  Boston,  it  was  concluded  to  construct  a  sewer 
to  intercept  this  objectionable  drainatje  and  convey  it  to  the  lower 
Mystic  hike,  which  is  siibjexit  to  tidal  action.  An  Act  was  passed  by 
the  Massachusetts  Legislature  in  1875,  authorizing  the  constniction 
of  sueh  a  sewer,  but  by  reason  of  defects  in  it  nothing  wiis  done  until 
after  the  passage  of  an  amendment  in  1877.  Immediately  thereafter 
an  order  of  the  City  Council  w;is  approved,  authorizing  the  construc- 
tion of  the  sewer  in  conformity  with  the  provisions  of  the  original  Act 
and  the  amendment.  The  entire  work,  including  the  main  sewer  and 
its  branches,  was  completed  in  the  summer  of  187S. 

The  main  sewer,  11,M57  feet  in  length,  extends  from  the  head  of  the 
lower  Mystic  lake  to  a  point  in  Woburn,  near  Moseley's  tannery.  It 
iH  28  inches  high  and  2fl  inches  wide,  excej)!  at  tlie  outlet  and  along  a 
nulroad  emlmukmi'nt  near  the  upper  end,  where  cast-iron  pipes  '24 
inches  in  diameter  were  used.  Branch  sewers,  to  the  anionut  of  ll,(ifi4 
feet,  were  constructed  to  various  points,  whore  the  tannery  and  other 
objectionable  drainage  was  to  be  intercepted ;  6,150  feet  of  these  are  15 
inches  in  diameter,  2,000  feet  10  inchea  in  diameter,  with  the  balance 
ti  inches  in  diameter. 

The  Mystic  valley  sewer  presents  some  interesting  phases  of  legis- 
lation in  reference  to  sewerage  and  sewage  disposal.  During  the  year 
1880  compIaintK  were  made  by  the  towns  of  Medford  and  Arliugtoa 
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that  the  accumulation  of  sewage  in  the  lower  Mystic  lake  was  tbe 
cause  of  a  serious  etHuTiura  uuisauce,  and  the  Legislature  was  appealed 
to  for  its  abatement. 

The  result  of  this  action  waa  the  emictmeut  of  a  law  ordering  the 
discontinuance  of  the  aewer,  unless  the  sewage  l)e  so  treated  us  to  ren- 
der it  free  from  polluting:  substiinci-s.  Tin-  [iKCidiar  nature  of  tin;  tau- 
uery  sewage,  which  consists  intiinly  of  the  refuse  of  tanneries,  such  as 
spent  tau  bark  and  scrapings  of  hides,  appeared  to  render  it  a  vftv 
difficult  problem  to  comply  with  the  requirements  of  the  Act,  mid 
in  order  to  learu  authoritatively  what  could  be  ncconiplished  by 
chemical  treatment  of  this  piirticular  sewage,  thi'  Boston  Water  Board 
requested  Professor  Wm.  Ripley  Nichols  to  examine  a  sample  of  the 
sewage  and  report  upon  the  same.  The  following  is  from  his  report, 
submitted  in  February,  1881 : 

The  newoge  waa  received  by  me  late  in  the  afternoon  of  Jannary  28t)i.  kaving 

bfeu  taken  from  the  sewer  that  aflemoon.  It  was  alkuline,  reddish  ln'iiwn  in  I'uloi. 
and  containing  a  ({uantitj  o(  susjiondeil  matter,  the  coai'Hf  r  part  of  ubioh  nettW 
aomewhat  i-eadily.  The  odor,  when  the  aainple  was  fresh,  h'ils  not  verv  ponsidemlilr, 
but  wa.1  sufficiently  marked  to  betray  its  origin.  On  manding  in  the  lubi>n»Ioi7, 
tbe  organic  mutter,  as  might  be  expected,  began  to  deuotupose  and  became  ytrrr 
much  more  offen»ive- 

The  siiecifid  gravity  was  about  1,007,  water  being  1.000.  Analysis  showed  thnt 
every  100,1100  ))artK  contained  about  330  parts  by  weight  of  suspended  matter  ami 
i,  170  parts  of  matter  in  Bolntion ;  or,  expressed  in  graius  to  the  tfnited  States  gailnti. 
ODe  gallon  contained  : 

i;nLji«. 

In  snspeiiBion 192 

In  solution    683 

[Of  which  432  grains  were  common  salt.)  

Altogether »7G 


I 


I  have  made  a  iiumbi-r  of  calculations  and  experiments  with  reference  to  th« 
chemical  treatment  of  the  sewage,  but  I  do  not  know  that  this  was  a  fair  sample  of 
the  entire  daily  disehttrire,  wliifh  I  have  ossnmed  to  lie  l!(IO,f<0(l  gallooB,  or  n«;  in 
rouuil  numbers,  1,700.000  pounds. 

Siiftviffcii/v-.—Wheu  the  sewage  stands  quietly,  the  greater  poilion  of  the  sus- 
pended matter  settles,  hut  the  liqnit!  i^tlll  remains  turbid  and  highly  euloreil  ami 
liable  to  deeiim(mse.  If  the  sewage  wei'e  allowed  simply  to  notlle  in  tanks  and  lli« 
somewhat  I'hiriflod  liquid  then  run  ofT  directly  or  Ibrougb  coarse  HllerK,  the  "Hili- 
nient  could  l>e  removed  as  a  thin  nind. 

The  weight  oliini  seiliuient  for  llie  day's  discharge  would  he  some  li.ItnO  jkhiihU, 
and  when  wet  (tbiit  is.  in  the  form  oF  sludge,  which  would  nm  slowly  or  could  be 
pumped)  it  would  occupy  about  12,000  gallons. 

I  am,  of  course,  aware  that  at  the  present  rime  setlliiit;  tanks  are  in  uso  in  lli«  I 
tanneries,  and  that  ttms  a  large  amount  of  solid  mutter  i«  preventi'd  fi-om  entering' 
the  sewer. 

T^'fiilineiit  irilh  lime. — The  sewage,  as  I  received  it,  was  alkaline,  no  doubt  fitwa 
the  e\ce«s  of  limensed  in  thfttnnneries,  and  the  ndilition  of  a  small  quantity  of  Utae 
had  no  effect  on  tlie  clariticalion  of  the  liquid.  Even  when  added  lo  the  utnoanl  •■J 
two  per  cent,  by  weiuht  (which  would  be  35,000  pounds  of  qniekliine  for  the  lUy** 
mn),  it  failed  to  produce  any  very  considerable  effect.  With  the  enormous  pw)* 
portion  of  i  by  weight  (2It6,0OO  pounds  of  qnicklim<>  for  llie  day's  nin),  qult«  ui. 
efficient  olarification  wan  accomplished  by  the  sabsidlng  of  the  lime  ;  hut  any  iinch| 
proiKirlion  as  this  would  be  out  of  the  question  from  a  (iitactical  point  itf  rir*. 
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£veu  in  tliiH  i-ong,  however,  the  liquid  still  cunlained  orgunic  mutter  in  too  large  a 
quantity  to  be  (liscbBrged  into  n  KHlt-nater  basiit  witbout  being  liable  to  caiiae 
wITence. 

Treatmvnl  <eilh  nliim, — Ou  Uio  iitlilition  (if  alum  [or  stllpliute  of  alumina)  iu  sufii- 
cienl  amount,  tliere  sejiiiniti-s  ii^iidily  fioni  tiie  seniige  ft  latlier  bulky  pi-ocipi1iite 
conlaiiiiug  almost  all  tliu  eoltiiiiifi  iiiattur,  e\-<:a  in  solution,  and  kaviiig  tlie  liijuiil 
cleai-  and  nuai'ly  coluileas.  As  tlii>  e\|K-niLieLit  is  performi;d  in  tho  laboi'otory,  bet- 
tni"  results  arn  obtained  by  tliis  luftbud  tliau  by  any  oilier  ;  but  lo  produce  the  best 
fffaut  it  is  uuecssai'y  to  add  as  mucli  alum  iis  from  i  to  i  of  orii'  per  t'eut.  of  the 
sewage.  To  treat  in  this  way  tin;  daily  disL-liurgn  of  ai'wa^e  wi-nlJ  require  from 
4,000  to  li,i.H)l]  |iiiiiiidi4  of  alum,  or  iiii  equivalent  amount  of  sulphate  of  alumina. 
The  expeuHt!  of  the  chetnii^al  puts  this  out  of  th<j  question,  and,  if  it  did  not,  we 
"houlil  have  to  face  the  fact  that  liio  sediment  formed  would,  after  tweiity-four 
lionra'  standing,  occupy  wlmii  Hut.  the  spaea  of  (10,000  (gallons  ;  inoreovor,  with  the 
iiest  chiriticatioii  that  I  have  bueu  able  to  elTet't,  tlie  clear  liquid  still  ooutaiued,  in 
solution,  a  large  amonnt  of  organic  matter  rejidy  to  decompose. 

'I'l-eulwiit  ipilli  •■III//. — I  vnm  not  ablo  to  obtain  snliritactory  roKults  by  nsiiij^  play, 
although  when  a  considei-.ilile  ([uaiitiiy  was  added  to  the  sewajjo  and  (horonghly 
mixed  with  it,  a  i;ertaiii  amount  of  organic  nialter  was  dmg^ed  down  an  the  clay 
settled.  Hueh  treatment,  it  applie<l  practically,  would  increase  very  much  the 
weight  of  sludge  to  be  liaudled  ;  but  I  have  made  no  calculations  of  the  amoaut  of 
clay  required. 

'Tre'iliiieiit  inlli  nvljiliiiriu  iiciil. — When  acid  ia  added  to  the  sewage  in  just  suffi- 
cient quantity  to  neutralize  its  alkaline  character,  the  liquid  clears  itself  quite  well, 
most  o(  tin?  coloring  matter  suiisiiiiiig  (w  a  tlocculent  sodiment.  The  liquid  still 
contains  a  largi:  qiiantitr  o(  organic  matter;  hut  if.  after  treatment  with  acid,  it 
were  filtered  and  then  allowed  to  liow  over  fiiigraeilts  of  limestone  or  marble  chips, 
to  nentralizeaay  excess  of  acid,  it  would  no  iloubt  Rive  h^asofrence  than  at  present. 
The  amount  of  acid  required  for  this  particular  sample  wouhl  be  equivalent  to 
about  2,001^  ponnils  of  oil  of  vitriol  for  the  day's  discbarge,  and  the  wet  sludge 
would  occupy  about  :iO,0<W  gallons. 

You  will  bear  in  mind  that  my  exiwriments  have  been  perfomied,  and  my  con- 
clusions are  baxed,  on  a  single  sample  of  sewa-;e  ;  I  have  do  means  of  knowing 
how  fairly  it  represent.s  the  average  cliaracter  of  the  entire  day's  ran.  More  ex- 
tended acqimintance  with  tlie  nU\^  might  lead  me  to  modify  somewhat  the  state- 
ments made.     With  this  caution  I  state  the  following 


CONCLUSIOHB. 

No  pi*cticable  chemical  treatment  will  purify  the  sewage  to  snch  an  extent  that 
il  may  be  discharged  into  the  lower  Mystic  lake  with  a  rea.sonable  expeclntion  of 
freedom  from  offence. 

It  is  jmsmbh  to  treat  the  sewage  bo  that  if  it  were  discharged  into  a  nmning 
"Ireara,  or  into  a  ti<lal  basin  with  considerable  circulation,  the  risk  of  offence  wonld 
lie  twij/  intir/i  li'XfiifJ. 

The  most  practical  way  (if  treating  the  sewage  would  be  to  collect  in  tanks,  mix 
with  sulphuric  acid  (perliaps  with  addition  of  a  small  amount  of  nnliibate  of  alu- 
mina), allow  to  settle,  filler  through  coke  or  other  niateiial,  anil  then  pass  the 
liquid  over  marble  chips  or  broken  limestone  to  the  point  of  discharge. 

The  act  of  1881,  orderius  the  diacoutiouance  of  the  sewer  anless 
the  sewage  was  no  treated  as  to  render  it  free  from  polltitiiij  sul»- 
stances,  was  the  siiliject  of  a  hirjro  amonnt  of  Roiilrnversy  lietwpeii  the 
oity  authorities  of  Boston  and  the  atithoritieH  of  tlte  towns  bordering 
on  the  lower  Mv^tic  lake.  Finally,  after  the  c;onstitntiouality  of  the 
Act  had  been  affirmed  by  the  courtB,  an  injuuction  was  iBsned,  on  the 
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jietition  of  the  town  of  Meiifoid,  to  prevent  auy  farther  discharge  into 
tile  lower  Mystic  lukn. 

Thereupon  the  city  proposed  to  construut  works  by  which,  throujf)i 
the  opcrfttiou  of  Keilimentution  8up  pi  emeu  ted  by  partiui  filtnilioii 
throuj^h  iKitui'ul  gijivul  beds,  the  liirger  portion  of  the  suspended  im- 
purities of  the  sewage  might  be  ii>movod.  Tliia  prupositioa  was 
agreed  to  by  the  town  of  Medforil,  and  the  propiwed  works  were  con- 
utrueted  in  the  town  of  Winchestei',  uear  Bacon's  ciossing,  upon  hu 
area  of  about  5.5  acres.  At  this  point  a  dam  wuh  thrown  across  the 
sewer,  and  its  coutenta  lifted  by  a  pump  iuto  a  large  aettliug  tank,  in 
which  it  was  hoped  that  the  heavier  iiupuntics  wouhl  be  deposited  in 
siicli  irianniT  as  to  permit  of  their  removal  from  time  to  time.  Tht- 
ovi-rtiow  was  received  iuto  a  ditch,  IjaiO  feet  lung,  after  flowiiiff 
through  which  it  again  entered  the  sewor.  During  its  passagt- 
through  this  long  trench  alwut  oue-third  of  the  partially  puriti-'il 
sewage  was  absorbed  into  the  porous,  gravelly  soil  in  which  the 
trench  was  dug.  An  additional  amount  of  suspended  impurities  wax 
also  removed  by  means  of  brush  dams  placed  at  intervals  across  th<- 
trench. 

The  original  works  were  found  inadequate  to  the  proper  puritii-a- 
tion  of  the  sewage,  and  in  I8S3  additional  settling  tanks  wero  con- 
structed on  an  improved  pattern,  and  a  new  effluent  ditch,  about  1,W 
feet  in  length,  excavated  between  the  tanks  and  the  point  where  the 
sewage  was  returned  to  the  main  sewer. 

Au  experiment  was  also  made  in  1884  with  a  Farquliar  met-hoaioU 
filter,  which  proved  to  be  incapable  of  purifying  a  sewage  carrying  as 
large  an  amount  of  matter  in  suMpensiou  :is  this. 

These  various  sedimentation  and  partial  filtration  processes  haWng 
proven  nn satisfactory,  the  Boston  Water  Board  concluded  in  1887  t" 
a^lopt  chemical  precipitation,  anil  accordingly  detailed  AVilbur  F, 
Learned.  O.E.,  to  experiment  and  report  on  a  scheme  for  treating  the 
sewage  by  chemical  raethoils.  Tn  a  paper,  Simie  Facts  about  the 
Chemical  Treatment  of  the  Mystic  Sewage,  which  Mr.  Tjearned  rend 
before  the  Bostcm  Society  of  Civil  Eugineei-s  in  February,  1S88,  it 
is  stated,  in  regard  to  the  character  of  the  sewage,  that  the  morning 
flow  is  very  much  diluted  with  gmuud-water,  but  lictween  10  uml 
II  A.M.,  or  thereabouts,  the  sewage  gradually  grows  heavier,  reachinj: 
its  maximum  density  about  2  or  3  p.m.  In  the  meantime  its  color  ha-* 
<'hanged  from  that  of  dirty  water  in  the  morning  to  a  brownish  black 
in  the  afternoon,  passing  through  the  varions  shades  of  tan  to  very 
deep  red  and  thence  to  almost  black. 

The  total  dissolved  and  siispi-nded  matter  is  stated  as  112  ^raiatt 
per  U.  8.  gallon  in  the  morning,  while  in  the  afteraoon  a  mnsinium 
is  reached  of  540  grains    per  D.  8.  gallon.     The  suspended  matter 


IIIIJ    MVsriO   VALLEY    CHKMIOAI.    I'KKnll'ITATK.N    WOKKS.      40» 


lunuiuitH  to  16  grsius  per  g'allon  in  tlie  moiiiing  «uil  128  grains  in  tlie 
nitoruoon.     The   sewage  is   generally   neutral,  tLuugh   occasionally 

Ibhciwiug  u  slight  alkuline  reaction. 
Ill  regiiril  to  hia  esiieriraents  on  the  chfuiical  treatment  of  this  sew- 
age. Mr.  Leiiriied  stiys : 
Till'  I'liemicul  ivnifiiut  iiHed  Fui  jiii^i'lpitnilRiti  v-im  i-nnli?  111111)11310  rjf  aliiuiiiiii  of  lu-o 
KiimI'^s  t^iill'^il  H.  cake  uiitl  B.  cuiu-.     Tue  S.  unite  lmiiIoius  :i  [ler  tt'iit.  bve  bh1()Iiiij  ie 
•       acid,  1»  per  oi'iit.  free  alaiuiuii,  iiuil  40  per  i-fiii,  sidpliiite  of  uliimina.     Tin?  B.  I'uku 
H  oontaiiifi  -OOTi  tree  sulplnirii:  iioid,  18  p<'r  ct^iit    hee  alniuiiiu.  44  per  cent,  stilphiite 
H  iif  uluimiiii.     Tiie  liiiye  iiuuinil^y  o(  five  aL-id  ia   the  S.  cake  soon  destroys  uny  iiuu- 
woi'k  witli  wliinli  il  mnv  come  lu  cotjlin.'t,  unit  li.  is  uot  tlitTeftire  n»  priiferoldt:  tin  a 
pieuipilaut  :Vi   tliu  B.  eake.     Tim  iiruuuiit  ut  precipitant  used  iu  tliu  forcuouu  is 
iilwujK  less,  mid  witli  lietlt-L'  re-Jiill*,  lliuii  iu  tlie  ufteruoou.      For  iostiuipe.  a  pioi-ip- 
iluiit  upplieil  to  tlie  Muwuge  between  '>  aud   11  o'cliiok  a.m.,  ut  the  rule  of  oiie-kitlf 

Itiiu  |N?r  I,OOI),(l(XI  j!;iUL>iis  will  tlimiv  down  ■2-")  pn-  c-eiit.  of  the  total  luattei'  in  the 
aewat;<>,  while  two  tons  per  1,000,11110  yilloiifi  iipiilii'd  to  the  aewaye  Letweeu  3  and 
4  o'clock  P.M.  will  not  pL-ecipilut.e  nioie  than -iO  per  i-ent.  ot  the  total  matter.  I 
have  leeii  the  reugeiit  at  the  latfi  of  one  ton  per  l.iMJO.OiXI  throw  down  M  |ier 
<M^ut.  of  the  lotid  matter,  and  with  the  Hanie  H<!wage  a  tteutmeiit  at  the  rate  of  two 
lont  |jer  ],(J00,OI)O  gallon-,  throw  down  onlv  32  i)er  cent,  of  matter. 
Much  reitilts  sei?iu  to  ihow  that  beyond  certain  limits  the  chemicals  precipitate 
B  small  ainonnt  of  matter. 
The  coarae  siisjiended  motter  is  easily  precipitated  by  a  moilerate  auiotiiit  of  the 
chemical  reagent,  aud  some  of  the  finer  jiarticlo»i  are  also  throwa  down,  whereby 
the  elHuent  Is  deprived  of  some  of  it.-i  color,  ami  a  aorresjioniliiiy  portion  of  the  ot- 
fenaive  matter  removed  ;  be-iides  this,  there  i*  dissolved  matter  which  aeemint;ly 
undergoes  little  ehause  i»  the  [>reBeiice  of  the  chemical  reagent. 

The  quantity  of  precipitant  recommended  tor  the  Mystic  sewage  is  1  7^  tons  of 
erude  sulphate  of  alninina  per  1,000,000  gallons,  and  increa^ini'  gradually  until  the 
amount  reache.t  3  tons  per  1,000,000  betiveeu  2  and  i  o'clock  p.m.,  then  decreas- 
ing as  the  ai?wage  lieeonies  less  dense  to  the  rate  of  half  a  ton  per  1,00(^,000  al 
midnight.  With  this  quantity  for  a  precipitant,  it  is  believed  that  the  efHnent  will 
be  I'lear  and  tolerably  free  of  color,  the  suspended  matter  all  thrown  down,  anil  iis 
much  of  the  dissolved  mutter  as  may  be  pousistent  with  a  singh'  reagent. 

Should,  however,  additional  jmrilication  be  rei|uireJ,  nn  increased  reagent  will 
not  give  belter  i-esull-' ;  but  if  the  effluent,  iioviiigall  the  siinpended  matter  removed, 
and  in  a  state  of  oonijiarative  purity,  be  nm  on  to  land  of  a  gravelly  nntum,  which 

I  will  act  as  a  chr.miftl  tilter,  a  still  fiirtlier  state  of  purity  »ill  lie  obtaineil, 
Vi'.ocihi  o/(ce.««f  s«pfii.'/e.— One  of  the  e\])eriments  wiw  made  with  sewage  clari- 
fled  bv  subsidence  and  subsequently  treated,  thus  forming  a  large  quantity  of  line 
flooculent  matter  which  required  a  long  time  tor  precipitation. 
The  velocity  of  the  treated  sewage  in  the  preci]>itat!on  tanlw  varied  from  0.33 
fool  per  minute  to  0.70  foot  jier  minute.  In  a  few  instances  definite  quantities  of 
•usjienili'd   matter  in  tlie  efflneiif   wore  obtained,    while  in  other  laiees  when   the 

§  Telocity  was  greater  no  results  were  obtained.  For  instance,  in  one  case,  when  the 
YelwTitv  was  0..'iG  foot  per  minute.  23  grains  per  gallon  were  obtained,  and  in  an- 
other, when  the  velocity  was  0.37  foot  ]icr  minute,  lli  grains  per  gallon  were  found, 
wliile  in  cases  when  the  velocity  was  0.70  foot  per  minute  no  results  were  obtained. 

■      It  nlionht  be  borne  in  mind   that  the  precipitation  tanks  were  inadeiiuate  for  liie 
^■iir|JOse  of  precipitation. 
If  ihey  hail  been  twice  as  long,  in  order  to  give  the  floceulent  matter  ample  time 
to  precipitate,  I  have  no  doubt  that  a  velocity  otCW  toot  per  minute  would  have 

■  given  a  very  Hue  effluent,  free  of  suspended  floceulent  matter. 
Treriliiv.Ht  of  crmln  n-^initgir  miii  nf  eliirijieil  fimtij'!. — This   experiment    Consisted 
in  treating  crude  and  clariiied  senile  with  equal  quantities  of  precipitant  at  diRer- 
eDt  hoara  of  the  day. 

Tha  total  average  per  cent,  of  mBtter  precipitated  from  the  crude  sewage  was  39 
eroent.,  and  the  amount  precipitated  from  tue  clanfied  sewage  was  30  per  cent. 
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This  small  (liffeiftiice  miglit  have  been  iucionspil  aomewhut  bv  a  gieal^-T'  uiiiubrr 
of  tiials,  but  lUy  (liffeieuce  will  always  be  t.iiiall  when  the  amount  of  ren(;<^u'  "I'' 
plied  til  the  ciiiili-  suwape  is  uiJtijimtf,  becaHse  it  lequirea  a  large  quiiiitity  .if  jiiit- 
dpilaut  to  tliiuw  down  the  fiuu  piirticlea  of  umltcr  iu  Ibe  fluiifleil  aewugc,  wbik-  ilic 
saiiir  quantity  <i.|)|)lied  to  ibe  cnido  sewuRe  will  givo  vei"y  neaily  uh  Rood  lesultn. 

Adiiiitttug  a  slight   advuiitage  by  trefLtiug  tlic  claritiuj  st^watje  wbeu  the  ainrtiint 
of  pi'eciiiituU'  alone  is  t-ousidei-ed,  the  advantayts  obtaintd  tmui  ihe  cnule  sewage,! 
hiii'li  fts  L-oiuiHift  aladge,  active  prfwipitfition,  etc.,  far  exceart  that  of  the  lomier 
n»;lliod. 

The  lieiiefil  i>f  hiivinif  a  iiomjiact  siiidfio  canuot  lie  loo  hifjbly  ajioken  of ;  in  faul, 
iiiut'  is  fi'eqiiL'iii.ly  aililoil  as  a  ivagenl  in  port  for  tiiis  pm'jH>r.e,  and  is  one  of  the  re- 
qiiiiemetsU  in  case  tfat?  sludj^u  is  lo  Iw  pressed. 

As  tlu-  result  of  his  exiieiiiiieiits,  Mr.  Learned  refoninieuded  the  fol- 
lowiu^  for  the  Mystic  viillt^y  sewiige  : 

(1)  The  iiiteriiiitti'iit  truatmeut  of  the  sewage. 

(2)  Tlie  couatriitrtioii  of  four  precipitution  tauks,  each  capable  erf 
hoMixig  tliree  hours'  immping, 

(3)  A  sludge. well  into  which  the  sludge  may  lie  dmined. 

(4)  A  sludKf-]jmiip  for  niisiufr  the  shidpf  into  flnuies,  by  which  it  rony ' 
bt!  eouveyetl  to  ^llllllI>w  biisiim  for  partial  desiccation  until  such  tiuiB; 
as  pressiug  the  sludge  may  beeoiiie  a  necessity. 

(5)  A  branch  siwer  from  the  present  line  of  main  8ewer  to  a  pmnp- 
well  on  the  city's  bind. 

(6)  An  engine  and  puiup  for  pumping  the  sewage  into  the  tanks, 

(7)  Tanks  and  miichincry  to  aid  the  disHolving  of  the  crmle  sulphnte 
of  alumina. 

(S)  Buildings,  including  engine-house,  coal-shed,  etc.,  all  at  ao  esti- 
mated costof  S11,000. 

In  accordance  witli  this  recommeudntiou  the  present  works,  which 
are  illustrated  in  Figs.  57,  58,  and  5tl.  were  designed  and  constructed, 
ready  for  operation,  in  the  latter  part  of  the  year  1888,  They  cousist, 
in  detail,  of  a  pump-well  connected  with  the  main  sewer  by  a  branch 
Bewer  of  brick,  a  sewage-pump  and  ougine,  engine-house,  four  Bettlinfr 
tank-s,  a  sludge-well,  sludge -pump,  and  a  series  of  settling  basins  for 
receiving  the  sludge.  The  general  design  of  the  works  may  be  readily 
inferred  from  the  illustrations.  In  the  engine-house  are  three  vati* 
(marked  chemical  tanks  on  the  plan),  so  arranged  that  the  precipitant 
is  fed  from  the  middle  vat,  which  is  placed  lower  than  the  other  two, 
in  which  the  precipitant  is  dissolved;  these  vats  are  jirovided  witli 
steam  coils  for  heating  the  water  used,  imd  with  n  stining  appanita;' 
driven  liy  the  engine. 

The  precipitant  is  fed  to  the  sewage  as  it  flows  from  the  branch 
sewer  into  the  pump-well ;  the  process  of  pumping  thoroughly  incor- 
porates the  chemicals.  As  each  settbug  tank  is  filled,  the  sewage  id 
allowed  to  remain  quiescent  for  about  three  hours,  after  which  time  it 
is  found  that  the  sedimentation   process  is  complete.    The  cliu-ified 
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edJiieut  IB  then  drawn  oS  by  meautt  of  unrrow  ijtop-platiks,  wMch  aro 

removed  oiie  by   one.     During;  the  winter  seanoii   the  tanks  can  be 

tilled  six  times  before  it  is 
I  necessary   to  remove    the 

sludge.     In  warm  weather 

the  aluilge,  if  allowed  to 

remain  t'jo  long,  is  liiible 

to  become  offensive,  and 

it  is  necessary  to  remove  it 

somewhat  ottener.  Thr  re- 

rnoval  is  effected  thnnigh 

sluices     connecting    with 

the   aliidge-well,  which  is 

placed  in  the  midiUe  space 

between  the  four  tanks,  as 

indicated  on  the  plan,  Fig, 

as.     From  the  sludge-well 

the  sludge  is  pumped  into 

ft  flume,  which  conveys  it 

to  the  settling  basins     A 

cross-section  through  the 

buildintrs,  on  the  lino  C  D 

on  the  pliU),  is  shown  by 

Fig.  H'.f.    The  resultK  of  a 

number  of  measurements, 

matle  since  the  plaut  was 

pnt  in  operation,  show  that 

on  the  average   1  volume 

of  sludge  is  deposited  to 

every  30  volumes  of  sew- 
age   treated.      ;Vftfr    the 

effluent   has   been    ilrawn 

liowii  as  low  as  it  can  be 

withont    disturbing   the 

sludge,  the  latter  iw  found 

tu  contain  about  4  parts  of 
I  dry  solids  to  96  parts  of 

water;  a  large  portion  of 

the  water  disappears  in 
I  the  settling  basins,  leav- 
ing a  product  sufRciently 
to  permit  of  haudliu^ 
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dry 

12  parts  of  water,     The  vol 
Lhood  of  10  cubic  yards  daily. 


and  containing  about  4 
ume  of 


s  of  solids  to 
dry  product  is  in  the  neighbor- 
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The  cost  of  the  present  works,  including  the  preparation  of  the  set- 
tling basins,  was  $10,410. 

For  the  year  ending  December  31,  1889,  the  total  amount  of  sewage 
immped  and  treated  was  99,882,850  gallouB,  or  324,000  gallons  per  day. 
exclusive  of  Sundays  and  legal  holidays,  when  the  pumps  were  not 
j-un ;  404,270  pounds  of  sulphate  of  alumina  were  used  as  a  precipitant, 
and  162  tons  of  coal  used  in  the  pumping. 

The  cost  of  pumpiiig  and  treating  the  sewage,  exclusive  of  the  caru 
of  the  main  sewer  and  its  branches,  is  given  as  $152.46  per  1,000,000 
gallons  treated. 

For  the  year  ending  December  31,  1890,  the  pumps  ran  335  days, 
working  5,147  hours,  and  the  amount  of  sewage  pumped  and  treated 
was  119,119,670  gallons,  making  an  average  of  355,500  gallons  per  day 
of  pumping.  The  total  amount  of  sulphate  of  alumina  used  durini; 
the  year  was  323,650  pounds.  The  coal  consumption  amounted  to  191 
tons.  The  quantity  of  sludge  removed  from  the  basins  was  2,611 
oubic  yards. 

The  rate  of  precipitant  used  for  the  year  1890  was  1  part  of  crude 
sulphate  of  alumina  to  3,067  parts  of  sewage,  or  1.36  net  tons  per 
1,000,000  gallons  of  sewage. 

For  the  13  months  ending  January  31, 1892,  the  total  quantity  of 
sewage  pumped  and  treated  was  133,102,028  gallons.  The  total 
amount  of  crude  sulphate  of  alumina  used  was  331,890  pounds;  the 
amount  of  coal,  210.66  tous. 

Tlie  quantity  of  sludge  removed  from  the  basins  was  2,334  cubic 
yards,  the  most  of  which  was  carted  away  by  a  neighboring  fanner, 
and  used  as  a  fertilizer.  The  rate  of  application  of  precipitant  was 
one  part  to  3,354  parts  of  sewage,  or  1.24  net  tons  per  1,000,000  gallons 
of  sewage.* 

•  The  :'onn!«>  of  intormfttion  in  regitd  to  the  Mystio  Vallej  Sewage  Dispoul  Works  u*  th«  Sd, 
6th,  6th,  8th,  I'Jth,  13th.  14th,  15th,  and  Ifith  An.  ReptB.  of  the  Boiton  Wnter  Boud  ;  tnd  Mr. 
Leuned's  paper,  Some  Facts  *hoot  the  Chcmiool  Trratmr-nt  of  Mystio  Sewage,  in  the  Jout. 
Amoc.  of  E"g.  8oca.,  lol,  vii.,  No.  T  (June,  1888).  pp.  1^44-^48.  Mr.  LearDed's  paper  ii  alsa  tobe 
found  in  Eug.  i  Bldg.  Becd.,  idL  zii.  (IStWJ,  p.  I!J9. 


[AFTER  XXVn. 
CHEMICAL  PBEOIPITATION  AT  WORCESTER,  MASSACHUSETTS. 


Probaiilv  the  sewitge  cliRposal  of  the  city  of  Worcester,  Massucliusetts, 
lias  been  the  subject  of  moie  discussion  than  that  of  any  other  Ameri- 
can city.  Aa  long  ag-o  as  1872,  Phinehjus  Ball,  CE.,  presented  a  scheme 
for  the  utilization  of  the  Worcester  sewage ;  and  the  Massachusetts 
State  Board  of  Health,  at  the  very  beginning  of  its  series  of  studies  of 
river  pollution,  selected  the  Bhickstune  rivf  r,  which  receives  the  sewage 
of  Worcester,  as  one  of  the  streams  for  special  examination.  The  re- 
sults of  this  original  study  of  the  Blackstone  river  by  the  State  Board 
i)f  Health  are  to  be  found  in  its  Fourth  Auuual  Report.  The  examina- 
tion of  the  waters  of  the  river,  which  was  thus  begun  in  1872,  was  con- 
tinued in  the  following  year,  and  the  adilitional  results  may  be  found 
in  the  Fifth  Annual  Report  of  the  Board,  In  the  Seventh  Annual 
Report  may  be  found  further  investigations,  and  a  statement  in  detail 
of  all  the  various  sources  of  pollution  which  existed  on  the  Blackstone 
river  at  that  time,  together  with  analyses  of  the  water,  and  a  tabulation 
of  the  dry  weather  flow  in  relation  to  the  sources  of  pollution,  number 
of  the  same,  etc.,  per  square  mile.  From  the  summary  it  appears  that 
there  were  at  that  time  44  woollen  mills,  employing  3,003  opei'atives ; 
"27  cotton  mills,  employing  3,978  operatives  ;  12  iron  works,  employing 
1.224  operatives  ;  1  tannery,  employing  6  ;  and  1  shamble,  employing  5 
operatives.  The  sewage  and  various  nianufai'turing  wjistes  of  nearly 
all  those  eatablisliraents  passed  directly  into  the  river.  In  the  Fourth 
Auuual  Report  of  the  State  Board  of  Health  is  also  given  an  extended 
series  of  analyses  of  samples  of  the  sewage  of  Worcester,  made  by  Pro- 
fessor Wm.  Ripley  Nichols,  fiom  which  it  appears  that  the  average  day 
sewage  of  Worcester  contained  at  that  time  25.35  parts  in  1(10,000  of 
total  dissolved  matters,  1.876  parts  of  free  ammonia,  and  0.316  part  of 
albuminoid  ammonia.  Tlic  average  night  sewage  contained  15.29  parts 
in  100,000  of  total  dissolved  matters,  0.745  part  of  free  ammonia,  and 
0,144  part  of  albuminoid  ammonia. 

In  order  to  undeistuud  tin;  relation  of  the  City  of  Worcester  to  the 
Blackstone  river,  it  should  be  stated  that  the  river  is  formed  by  the 
confluence  of  the  Kettle  and  Mill  brooks,  in  the  southern  part  of  the 
city  of  Worcester,  and  flows  thence  in  a  southeasterly  direction  to  tide- 
water at  I'awtncket,  Rhode  Island,  crossing  the  state  line  at  Black- 
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stout".  Tbe  ilrainafre  aren  of  the  Blai'kftoiie  in  Massacbns^tts,  uot 
iiK'ltiiUn^  Mill  river,  whicli  unites  with  it  below  the  state  line,  is  260 
Ktiuare  miles. 

Tlie  valleys  of  the  two  streams,  which  unite  at^Vorcester  t«  form  tho 
Hiackstone  river,  coDtiilu  nutnrully  it  number  of  small  lakes  ami  [>oud«. 
These  streams  are  rapiil  tiowiug,  ami,  tui  on  the  other  triliutaries  of  the 
Blackstone,  nearly  every  availaVile  oiill  sit*  in  the  valleys  hiis  lieen 
utilized  for  the  location  of  uilK  In  oriler  to  supply  water  power  Our- 
iug  the  dry  season,  many  of  the  naturxl  boiUes  of  water  have  been  cun- 
veited  into  atorag^  reservoirs  by  thecoustrui-tiouof  dikesand  embank- 
ments, and  in  addition  tunny  large  artiticial  storage  reservoirs  have 
Ik-eu  built.  From  this  complete  development  of  the  water  power  in 
the  valleys  it  results  that  the  liry-weather  tJow  of  the  streams  is  kept 
hi^h  by  the  flow  of  the  large  amount  of  storetl  water.  The  niilb,  how- 
ever, discharge  into  the  stream,  as  ulready  stated,  much  of  their  sewage 
and  miiiiufaeturing  wastes,  which  are  nevertheless  more  thoroughly 
diluted  and  removed  than  tliey  otherwise  would  be,  by  reasoD  of  th« 
large  dr>'-weather  flow  dne  to  stonige. 

The  city  of  Worcester  is  supplied  vrith  water  fmm  the  head  waters 
of  the  Bbu-kstone  river.  In  1892  tbe  sewenige  system  included  ul>oiit 
RO  miles  of  sewers  which  discharge  stowage  into  the  river,  chiefly 
through  Mill  brook,  one  of  the  confluent  tributaries.  An  Act  was 
passed  by  the  Mas.sachu setts  Legislature  in  lH&i  allowing  Mill  brook 
to  be  nsecl  as  a  common  sewer.  Since  that  time  it  Las  l>een  walled  in 
and  arched  over  for  mnoh  of  its  length  through  the  city,  so  that  it  ban 
become,  substantially,  a  main  sewer  of  the  city. 

The  population  of  Won-ester,  by  the  ceustis  of  1890,  was  84,645,  and 
the  growth  during  the  previous  io  years  i»  rIiowu  by  the  following 
figures : 

In  18G5  the  population  was  30.047  ;  in  1870,  41.105  :  in  1875.  49,817  ; 
in  1880.  58.291  ;  iu  1885,  68,383. 

The  daily  consumption  of  water  is  stated  as  amonutiug  to  4,635,000 
gallous  iu  1S!>0.  In  1S92  it  may  be  taken  at  ntntut  5,lH>U,00(t  gallons 
per  day,  gi%~ing  for  a  population  of  90.000  an  average  \ter  iTapita  of 
55.5  gallons  per  day. 

The  distance  by  river  fnun  Worcester  to  BlBckstone,  nt  the  stalv 
tine,  is  26  miles,  and  the  fall  in  that  distaoee  is  220  feet,  and  through- 
ont  this  whole  distanc<e  are  located  a  large  nmnber  of  manufaetnritig 
establishmen  ts. 

The  Blackstone  river  is  not  used  at  any  point  for  ii  publie  water 
supply,  aud  the  chief  reasou  for  a  demand  oa  the  part  of  the  riparian 
ownens  l>elow  Wi>ivt>steT  for  the  parifii'tttion  of  the  sewage  uf  that  city, 
WAS  the  pnxluclion  of  a  iiui!<iuic«>  so  serious  as  not  oidy  l»  un6t  tht 
water  <\t  ttte  stream  for  Uko  iu  iiiiiuufHcturing  oixrations,  but  also  l>a- 
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L-HUiie  of  Hb  cuuditioD  boiuf?  probubly  daugmoiis  t^^  lienltli.  The  phy- 
HiciaQH  practising  iu  tlif  towns  below  Worcestor,  through  wliinh  the 
river  flows,  for  ii  numbtr  of  yimrn  I'onaidered  tho  comlitious  such  as  to 
produce  11  largL-  itmouut  of  sickness. 

Iu  regard  to  the  elToct  uf  the  sewage  coiitamiuatiou  upon  the  use  of 
the  river  wHter  for  uiainifactnriiig  purpoHt's,  it  was  chlimed  that  light- 
colored  (.'loths  lioiild  not  be  niiwle  when  the  river  water  was  used,  and 
that  some  of  the  cotton  uiillu  were  obliffed  to  give  u(>  the  making  of 
this  ehisfi  of  j^iMids.  The  water  was  also  f<iund  unfit  for  use  in  steam 
hoilei'H,  causing  foaming  ami  corrosion.  Statements  made  by  maiiu- 
factiirers  idoug  the  river  indicated  that  this  trouble  was  met  with  at  all 
the  mills  where  water  from  the  river  wiitu  used  in  steam  boilers,  while 
those  using  the  water  of  tributary  streams  did  not  have  this  cause  for 
ojmplaint.  The  rea.son  for  this  condition  of  the  river  wab'r  was  prob- 
ably found  iu  the  fiu-t  thiil  a  number  of  the  manufacturing  establiah- 
ments  at  Worcester  disehaige<l  a  large  amount  of  waste  acid  into  the 
stream.  Tliis  was  i)articutar!y  the  case  with  the  sewage  from  the  wire 
works  which  aiv  located  there. 

As  regards  the  discharge  of  crude  sewage  into  the  Blackstoue  river, 
tiie  effect  upon  the  city  of  Worcester  itself  has  not  been  at  any  time 
specially  unsatisfactory,  except  that  the  foul  smellsin  Mill  bnxtk  have 
necessitated,  as  already  stated,  the  covering  of  that  stream  within  thft 
city  limits.  The  nuisance,  however,  gradually  became  very  serioU8  to 
the  people  on  the  banks  of  the  river  below  Worcester,  and  was  espe- 
ciully  offensive  at  Millbury,-  which  is  the  nearest  town  to  Worcester.* 

Having  indicated  in  the  foregoing  the  conditions  which  led  tn  a  de- 
mand on  the  part  of  the  people  living  upon  the  banks  and  using  the 
waters  of  the  Blackstono  river  below  Worcester,  for  a  purification  of 
the  Worcester  sewage,  wo  may,  before  describing  the  works  which 
have  Ijeen  actually  carried  out,  refer  to  the  several  projects  at  different 
times  proposed.  The  tii-st  of  these,  as  aln-ady  noted,  is  Mr,  Ball's,  of 
1872.  Mr.  Balls  n.'port  is  given  in  the  Fourth  Annual  Ueport  of  the 
State  Board  of  Health,  page  109  and  following,  and  the  map  aecora- 
panying  it  may  be  found  facing  page  406  in  the  Seventh  Annual  Re- 
port of  the  same  Board.  From  them  it  appears  that  Mr-  Ball  proposed 
in  1872  to  dispose  of  the  aewage  of  the  city  by  irrigation,  at  a  point 
about  thive  miles  below  the  city  and  not  far  from  the  village  of  Mill- 
bury.  The  project  involved  the  delivery  of  the  sewage  to  this  area 
by  gravity. 

In  1881  the  town  of  Millbury  employed  Col,  Oeorge  E.  Waring,  Jr., 
I  "to  suggest  some  practicable  plan   by  which  the  city  of  Worcester 

■  F'or  a  diiciiHion  nf  tbc  |]rr>c«»  of  Mit-pnrillciitJnn  u  uxrmplilieil  in  tbe  OHe  nf  thr  Btuk- 
Mone  river,  ww  Spiwiul  Report  of  thp  Maiiii.  St.  B<1.  Health,  Part  I  ,  Rxaminnti^n  of  Wnter  8>ip- 
pHm,  pp   TIM-Tllh. 
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may  witlihokl  from  the  Blackatoat"  river  the  waste  organic  matter  pro- 
duced by  tlie  pupulatiuu  tmd  its  iuduBtries,  and  uuw  polluting  that 
stream." 
The  plnii  proposed  by  Ool.  Waring  included  the  following : 

I.  To  sepai'Jito  the  dry-weather  sewiige  of  the  city  and  the  enrly 
storm -Wiishings  of  the  sewers  from  the  water  of  Mill  brcjok. 

II.  To  allow  the  earthy  matters  of  the  sewage  to  subside, 
m.  To  Bcreen  out  the  coai-ser  objects. 
rV.  To  expose  the  soreened  sewage  in  a  thiu  Kheet  to  the  air  duriuif 

its  rapid  flow  for  a  diatauce  of  500  feet  at  a  sharj)  tall. 

V.  To  carry  it  at  low  velocity  for  about  10  mites  through  ditched 
bordered  liy  rank-growing  trees  or  bushei* ;  alternating  to  a  second 
set  of  ditcliuii  as  often  as  necessary,  say  once  a  week,  so  as  to  giv» 
each  set  a  dry  week  for  the  aeration  of  the  subsided  matters. 

VI.  To  spread  the  resultant  effluent  over  12C  acres  of  wooded  swamp 
land,  giving  each  area  two  days  out  of  three  lor  aeration. 

The  area  selected  by  Col.  Waring  is  included  iu  the  area  near  Mill- 
bury,  which  Mr.  Ball  proposed  to  utilize  in  1872.* 

The  Legislature  of  1881  directed  the  State  Boai'd  of  Health  to  iuTes- 
tigate  the  question  of  sewage  disposal  for  Worcester,  with  special 
reference  to  preventing  the  further  pollution  of  the  Blackstone  river 
and  its  tributiuies,  and  ri'comineud  a  definite  plan  for  preventinji  such 
pollution.  The  Board  appointed,  as  experts,  C.  l'\  Folwom,  M,D.,  and 
Joseph  P.  Davis,  M.  Am.  Soc.  CE.,  who,  acting  in  conjunction  with 
Dr.  Walcott,  Secretary  of  the  Board,  designed  a  system  of  disposal 
by  intermittent  filtration.  By  this  project  the  sewage  would  be  iH- 
verted  from  Mill  brook  and  conducted,  pai-tly  by  gravity  and  partly 
by  pumping  from  a  low  area,  to  a  tract  of  land  midway  between 
Worcester  and  Millbnry,  and  in  the  vicinity  of  the  hicalitv  preriously 
selected  by  Mr.  Ball  and  Ool.  Waring,  but  at  a  somewhat  higher  eleva- 
tion. For  this  purpose  it  was  proposed  to  distribute  the  sewage  at  a 
r;ite  not  exceeding  40,001)  gallons  per  acre  per  ilay,  the  experts  csprcs.-! 
iiig  the  opinion  that  this  daily  quantity  wonld  nut  be  large  enough  U< 
prevent  the  snceeasfnl  raisinir  of  crops  on  the  fillnition  area.  The 
cHtimatod  cost  of  canying  out  the  plan  of  intermittent  liltratiou  wa-* 
l'll)8.490.  The  neccBsaiy  pumping  was  estimated  i.t?S,.5lilipcrycar.  The 
cost  of  construction  under  Col.  Wiiriug's  phiii  was  esiiniai.ed  at  f'iO6,.'i00. 

Criticisms  of  Col.  Warinss  plan  are  submitted  by  ilie  expei-ts  in 
their  report,  and  reasons  given  why,  iu  their  opinion,  it  would  not 
provide  an  efficient  solution  of  the  sewage  disiiosal  problem  fur 
Worcester.t 

■Col.  V/uring't  report  m*y  Us  found  in  the  Sanituy  Appondii  to  thv  !Jd  An.   Rapt. 

M»*i>«ehii»Ptts  SUte  Biwtcl  iif  Hdnltli,  Lunacy,  uiid  CIibHit,  fur  the  year  1881. 

1  Thi'  I'xiitirljt'  nrpt^ri  may  a1qi>  1>r  found  in  tbf  Hanir.hrx'  .\  ppc^n'lix  to  tl'^  Ttil  An   Rc^t 
Htat«  Ilnkrri  v!  Ilrftlth,  Iiiiniicj.  niiil  Oltnrit). 
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At  the  first  Bessiim  of  the  LogiMlnturo  fullowing  the  pronoiitatioD  of 
thiw  vepoi't,  a  liill  was  iiitro(hu'oil  iii  thi'  iiitcrosts  of  tho  vesideiita 
ahnig  the  Bhu'kstone  rivtir  W-hiw  Worcostoi',  by  tho  pruvisiouw  of 
which  the  city  of  Worcester  was  ii-qiiiii'il  to  (lurify  its  sewag-e  before 
ilisL'ltiirgiiig'  it  into  the  river,  witliiu  fimr  iiioiitlis  from  its  piisaige,  iiiiil 
tlieiviifter  to  vvtvue  ilisfliiirgiiijj  into  th<!  river  mII  umtter  offensive  or 
iliiii};«r<»ii8  to  public  health.  In  the  exteudeil  hearing  which  was  giveu 
Iinfoif^  the  .T')i[it  Staudin;^  LogiKlativn  Coniiiiittee  on  Piil>lic  Healtli, 
tlie  riparian  owners  cluinieil  that  tliey  were  injuveii  in  health  uml 
busiueHS  by  reason  of  the  pii'sence  of  Won^-stei-  Hewage  iu  the  stream. 
Testimouv  was  s'iven  on  tli"  jiiirt  of  tlie  iietiti oners  for  tho  hiJI  to  thw 
effet't  that  only  a  few  years  before,  the  ,stre:iiu  was  pure  ami  lit  for  all 
kinils  of  manufactnrintJ  nses;  whereas  now  tlie  stream  had  hecomo 
offonsive  to  si^lit  itml  smdl,  aud  it>i  water  rendered  entirely  untit  for 
use  in  manufai'tnring.  The  city  authorities  denied  nearly  all  the 
statements  of  the  petitioners,  elaijuiiig  in  effect :  (1)  Tlui  city  was  not 
creating'  any  nuisance  ;  (2)  even  if  the  city  were  creating  a  nuisance,  it 
«till  hud  a  right  to  do  so  under  tiie  Law  of  18(!7,  by  whiph  it  was  per- 
mitted to  disi-liarge  erude  sewage  into  Mill  bmok ;  (3)  the  proper 
remedy  for  the  petitionei-s  was  not  to  compel  Worcester  to  purify  its 
sewage,  but  to  remove  the  dams  built  by  tlu'  petitioner's,  thereby 
removing  obstmctious  in  the  stream  which  prevented  the  si'wagr  from 
flowing  freely  and  purifying  itself.  The  expert  testimony  on  the  siihi 
of  the  city  was  prepared  by  Wm.  E.  Wtu-tlien.  M.  Am.  Soc.  C.E..  and 
tho  eity  engineer,  Charles  A.  Allen,  M.  Am.  Soe.  C.E.  The  State's 
side  of  the  ease  was  presented  by  Urs,  Folsoni  and  Wolcott,  ami  Joseph 
P,  Davis,  M.  Am.  Hoc.  C.E.,  who,  as  a  commission  of  experts,  had 
devised  tlie  i/rojeet  of  dispi)sal  hy  intermittent  filtration,  alreaily 
briefly  described.* 

The  opposition  on  the  part  of  the  i-ity  to  the  compnlsory  expendi- 
ture of  the  large  amount  of  money  which  wiis  required  to  effect  the 
pnrificatiou,  was  sufficiently  strong  to  prevent  anything  being  done  at 
tliiit  time,  and  the  Legislature  adjourned  without  passing  the  Act. 
The  Villi  was  again  introduced  at  the  session  of  1884.  and,  after  a 
spirited  opposition  on  the  jiart  of  the  city,  again  defeated,  for  reasons 
similar  to  those  which  had  been  previously  urged. 

In  his  report  to  the  Massachusetts  Drainage  Commission  in  188S. 
Mr.  Clarke  further  considers  the  question  of  sewage  disposal  for  Wor- 
cester, and  reviews  the  several  reports  which  have  been  made  previous 
to  that  time.  His  conclusion  was  that  a  solution  of  the  problem  of 
wwage  disposal  at  Worcester  had  already  been  devised  by  the  experts 

•  Fur  this  cTidcnce  ii)  liatail,  are  The  8owi«[0  of  Woicpitnr  in  lis  Ro1alir)Q  to  the  Hlaclnltmi- 
TliTetr  Hnring  before  the  Joint  Committor  on  Piiblio  Htaltik.  iti  th<]  Tnnttur  of  rrHtrninin^  Lti« 
city  of  WotDcuter  fram  polluting  the  BlaokitoDe  tivcr.  Fd».  and  Msrob,  Vi&i,  Fuuplikl, 
IMpaga. 
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of  the  state  Boiml  of  Uealtb  in  1881,  and  be  therefore  iuvestigated 
the  couditions  ai  WorctiHter  uu  further  tliaii  was  necessary  to  verily 
the  esseQtial  features  of  their  plaus.  Mr.  Olarke  Btates  that  an  exam- 
ination of  the  territory  below  Worconter  showed  that  the  traL-t  of  htud 
which  had  been  selected  as  a  filtration  area  was  most  accessible  aud 
suitable  fur  the  [iiirpuse.  Borings  and  test-pits  also  proved  the  adapt- 
ability of  the  soil  fur  filtration. 

Thf?  estimates  prepaicd  by  the  experts  were  verified  by  Mi-,  Clarke, 
with  the  rosnlt  that  if  they  were  in  error  at  all  they  were  hirser  than 
neeessary.  Mr.  Clarke  closes  the  portion  of  his  report  treating  of 
Worcester  sewage  disposal  with  the  siiggestion  that  the  Drainage 
Comujisaion  could,  with  propriety  and  safety,  recommend  that  Wor- 
cester be  required  to  purify  its  sewage  in  some  way  ;  but  that  a  ehoi<» 
of  method  and  its  details  be  determined  by  the  city  itself. 

During  the  period  of  dJaeuHsiou  the  pollution  increased  from  year 
to  year,  and  in  1883  the  City  Council  of  Worcester  directed  the  city 
engineer,  Charles  A.  Allen,  M.  Am.  Soc.  C.E.,  to  proceed  to  Euri>pe 
in  order  to  acquire  a  thorough  kjiowledge  of  sewage  disposal  as  prac- 
tised there,  with  special  reference  to  the  eonditious  obtaining  at  Wor- 
cester. Mr.  Allen  accordingly  visited  England,  France,  and  Germany, 
examining  the  methods  of  sewage  di.sposal  in  use  at  Croydon,  Don- 
caster,  Burnley,  Bradford,  Leeds,  Banisley,  Wigan,  Leytou,  Birming- 
ham, and  Athei-ton  in  England,  Paris  in  France,  and  Berlin  and 
Dautzic  in  Germany. 

Finally,  in  ISSti  the  lii-gislature  passed  an  Act  directing  that  the 
city  of  Worcester  should,  without  being  limited  to  any  particular 
system,  within  four  years  after  its  passage,  remove  from  its  sewage, 
before  its  discharge  into  the  Blnckstouc  river,  "  the' offensive  and 
polluting  properties  and  substances  therein,  so  that  after  its  discharge 
into  said  river,  either  directly  or  through  its  tributaries,  it  shall  not 
create  a  nuisance  which  might  endanger  the  public  health." 

The  city  was  also  authorized  by  the  Act  to  acquire  rights  of  way  or 
easements  wherever  needed  for  the  construction  of  the  necessary  sew- 
erage and  sewage  disposal  works,  and  for  the  payment  of  all  damages 
sustained  by  any  person  or  corporation  by  reason  of  such  erection  or 
construction ;  also  to  raise  and  appnipriate  such  sums  of  money  aa 
might  be  required  to  carry  out  the  provisions  of  the  Act. 

September  20,  1886,  the  City  Council  onlered  that  the  city  engineer 
make  such  investigations,  t'xamiuations,  surveys,  plans,  and  estimates, 
and  take  the  opinions  of  snth  experts  as  he  deemed  necessary  lo 
ascertain  the  best  and  most  approved  system  of  sewage  disposal  to  b« 
obtained  for  the  city  of  Worci'ster  in  conipliiiiice  with  the  law,  Th" 
city  engineer  was  also  ilirected  to  report  his  plans  as  soon  as  possible 
In  hia  report,  submitted  in  accordance  with  this  order,  Mr.  Allen  first 
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gives  au  aoeouiit  of  the  several  foreign  sewage  disposal  works  visited 
l)y  him  iu  1883. 
la  regard  to  the  dispotjul  of  the  sewage  of  Worcester  by  irrigation, 

Mr.  Alleu  says : 

Nuw  the  eonilitioiia,  climatic  ami  "tlinr,  (hat  exist  at  Woi-eestcr  are  not  aa  favor- 
ulila  tu  tbe  pro|)pr  treatiuoiit  of  aewaife  by  irrigation  or  by  lillratiou  iva  in  England 
arid  France,  or  eveu  in  Gerrnajiv,  at  Jierlin  iiuil  Uuiitzic. 

It  iia.'!  bepii  slatml,  botli  iu  reports  mailit  nyoa  llie  subject  of  Mwa^e  treatment 
and  iu  evideiico  tttinsu  in  support  ot  llie  claim  that  l!ie  ei'y  of  Woitester  sliould 
purilj  its  sewage,  that  the  climate  at  Berlin  Mid  Daiitzic,  where  broail  irrigation  ia 
i^sorteil  to,  is  subatauliallj  the  name  as  at  Woi'ces  er,  and  ihut  theretoie  it  will  be 
eftsj  to  piiritv  the  aewage  of  the  city  by  irrigation  tliroughout  the  eiitlie  year. 

I  thiuk,  howeT(>r.  that  there  is  a  reasonable  doubt  about  thiii.  The  fi)llo\riiig 
sfatcmcnta  of  the  difference  in  temperatures  will  show  a  deciileil  difference  in 
climatic  eoniiitiniis  daring  the  winter  moulhs.  The  teniperatuies  at  Danlzic  irere 
obtaiiied  from  Mr.  Aird,  tiie  manager  ot  the  farm  at  ihat  place,  and  are  ufliuial; 
while  the  tempei-atures  at  Woreester  ai*  taken  from  the  city  I'ewirds. 

The  following  table  gives  the  differences  in  temperature  for  live  irint«rs,  begin- 
ning with  December  1,  1U77,  and  ending  March  31,  1883: 


Dtiiiiiic 


Avemvv  numltilf  i 
rv]i>I>eriii.iire. 


Woi-cnter. 


Avvnip*  RioBthtj 
uniivrHtiirs. 


December,  1878 34°  Paiiv. 

Jaunai7,  1H7» 28°      " 

Februan-,  "      32°      " 

March,        "      33°      " 


I  December,  1878 25°  Fuhr. 

Janimrv,   1879 20"      " 

FobiuHry,  '■     20°     " 

March,        "     30°      " 


Average  by  months  , , .  31.75"  Fuhr. 

December.  1879 27°  Fahr. 

January,  1880 29'      " 

FBbi-uiu'j,  "     31°      " 

March,        " 36"      " 


Average  by  montha  , . .  80.75°  Fahr. 

December,  1880 34°  Pabv. 

Jonuarv,  1881 23°     " 

Febniai-y,  "      28°      " 

Mai-cL,       "     34°      " 


Averoge  by  montba  . . .  29.5°  Folir. 

Deeember,  1881 34°  Fahr, 

Jaauaij,  1882 37°      " 

Fiihruary,  '■     38°      " 

March,        "     44°      '■ 


Average  by  montha  .. .  23.75°  Falir. 

December.  1879 28°  Fahr. 

January.  1880 30°      " 

February.  "    27°      " 

March,         "     29'      " 


Average  by  months  . . .  28.5°  Fslir. 

December,  1880 20=  Fahr. 

Jannaiv,  1881 16°      " 

February,  •'    23'     " 

March,       "    32'     " 


Average  by  montha  , .     22.75°  Fahr. 

December.  1881 33°  Falir. 

i  January,  1882 21°      " 

Fehnia'ry,  '■     26°      " 

Mttich,       "     32'     •' 


Average  by  months   .  .  38.25°  Fahr. 

Deceml>er.  1882 26"  Fahr. 

January,  1883 27^     " 

Felirnaiy,  "      80°      " 

March,        '■      2r      ■' 


Average  by  months    ,.  27.75°  Fahr, 

!  December,  1882 23°  Fahr. 

JannaiT,  1883 18"      " 

Febina'iT,  "     22°     " 

iMarch,  ■    ■'     23°      ■' 


Average  by  montha  . . .  29.75°  Fahr.  |         Average  by  months  . . .  21.5°  Fahr. 

It  will  be  noticed  thnt.  with  the  eiception  of  the  wint«r  of  1M7<VS0.  the  mei-onr; 
ntiged  much  loner  at  Worcester  tlmn  at  Dantzic,  d  difference  of  from  7'  to  8°  Fahr. 
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Cor  till]  c-iitii'u  aeattou  beiug  tlie  general  oinuuiit.  TLLs,  of  coul'so,  makes  a  gji-ut 
ilinei-eooe  ia  frost  penetrution.  und  aiitlx  to  tbe  liability  of  liie  ground  rsuiaiiiiug 

Au  tixaniinaitioii  of  Lliu  tnlilen  of  iliiilv  ttiii|>emt ill's  ftliowb  Iliat.  ia  iLe 

live  veais  ciiveieil  liv  tlie  liil.lcs  given  ftlwve,  ill  Daiitzie  there  were  miij'  iLioe  il».'» 
during  tlia[  iiprJod  tlint  tlii'  l.liouu'imetor  registered  lielow  zero,  the  exM'emc  being 
i""  degrees  below  ;  wliilu  jit  Wurci'ster.  dining  the  Kariie  (leiiod,  tUero  wait  fmly 
diiva  tttdow  zero,  with  iLii  oxiM'me  of  \K'  below. 

At  DnnLzic  lliere  were  lbirrv-eij;hl  days  iu  wbioii  the  tauijierat Ill's  was  betwci*ii 
I'l'  and  2IJ'"  abovi*  kuph,  idiilu  ul.  Worcester  tbere  wei*  1(54  days. 

While  there  »'L-ro  i<{j4  diiya  ]Lt  Daiilzic  in  wliicli  the  1liei'iiiomet4.>r  registered  l>i'- 
tweeii  'ZO''  ttud  IW  dep'ees  above,  ill  Woi'ceitltir  Ihore  wei'e  221  dava. 

'I'lie  lotnl  riiuuber  of  duyw  i-overed  by  llie  observalioua  in  the  five  years  was  CI)G 
Of  1bi-i  iiniiibf'r  Daiitzie.  had  4ljC)  lii*li>w  the   freeziug  piiiit,  or  about  75.9  per  cent., 
uhih-  WoreeslL-r  liiid  -")i2  duys,  or  HH.4  per  I'eiit, 

While  Daiilzie  hnil  only  111  davB  below  20",  or  18. H  iiereent,,  Worcester  bad 
;)2fi,  or  34.1  |ier  i-i;iit.* 

As  ban  been  .staled  In  tlie  deseiigitjoij  of  tbe  norliK  nt  Berlin,  the  new*iige  in  sloted 
in  large  reservoirsi  duHiii;  the  severest  jioitinn  of  ihc  winter,  no  !itleu)|il  being 
made  to  iiiii'iCy  by  iirigution  ;  "hile  ut  UanlKic  it  is  cunslmilly  applied  to  tlic  land 
HJIhoiit  I'l'itard  lo  the  weather,  the  manager  aUtiiiK  that  while  the  action  of  tiie 
frost  interfered  somewhat  with  tlie  niieraliun  of  the  Works,  still  Ihe  iieriods  of  e\- 
titiuie  cold  were  of  ko  short  dumlion  tliiit  no  scrions  ililllciilty  nns  ex|jerieneed. 

A  glanee  nt  the  table  of  femppi'atiii'e  will  ill  ii  si  rale  ihis  faet.  For  insliinee,  fioiii 
the  2dtii  to  the  2ytli  inclusive  of  Jiiniiair,  l^SI,  \lus  tin'  eoldebt  weather  llidicaled 
for  liny  four  eonseeulive  ilayn  ill  the  live  yonis.  For  the  following  twenty  days  lliii 
ti-in]>eraturo  iiveiiigpd  il^",  one  decree  a' "ive  the  freezing  [loint,  «o  Hiat  whatever 
froit  hud  jienelrated  tlie  gnmnd  during  the  shorl  eolil  iierioil  wmild  undoubtedly 
lie  reiiiovi'd  hiiig  before  tin' twenty  davs  bad  espiiuil.  In  lint,  there  eould  liave 
beeu  very  little  severe  frost  after  this  time,  for  the  aveiaKi*  t^'iiijH'i'attiie  of  tlie 
month  of  Fobruarv  following  wuh  '2S°  Fahr.,  wliile  Alaieli  liiul  an  average  of  34' 
Falir. 

It  iH  true  liint  here  iu  New  England  extremes  of  eold  are  fcdlowed  frequently  by 
warmer  iiejiods — that  is,  the  weather  is  not  excessively  eold  for  long  Jieiiods  of 
time  :  but  I  lie  reaction  ia  not  genemlly  great,  and  it  ia  ujniost  loo  well  known  n  fuel 
to  be  eommenled  uih>u,  tliat  after  the  frost  once  enters  the  grouuil  here,  it  etaja 
with  almost  constantly  inereii-sing  depth  until  spring  fairly  ojieus. 

That  this  ditfereiice  in  elinialic  conditions  is  likely  to  prove  a  troublesome  luw- 
ter,  if  any  method  of  land  treatment  is  eiclusively  relied  u))on,  there  would  aeem 
to  be  but  little  doubt. 

In  Mr,  Alk'ii'f!  oiJiuioii  tlie  dimatie  iliffirultynt  Woi-cpstcr  was  likely 
to  be  a  seiioiia  one,  ami  lie  utcordingiy  dec  moil  it  ilesirablo  to  taki* 
the  opinioii  of  some  of  tlie  ablest  Etig-liHU  Kiuiittiry  eiisriin-'crs  apon 
tliie  point.  Iu  response  to  a  request  from  liiiQ.  Mr.  B.  H.  Hniii«iell. 
M.  Iiist,  O.E.,  who  lian  conHtnit'tLi'il  immy  Hewiijre  farmu,  among  tliem 
the  farm  at  DoncaHtcr,  Enpliiiiil.  which  is  one  of  the  must  successfnl 
(from  a  naiiitary  point  of  vit'W),  wrote  a8  follows  : 

Sewage  if  pro]>pr]y  ejiplied  to  land  may  bi'  parificd  ;  but  the  operation  is  not 
profltabie.  That  is  to  nay,  sewage  furniing  cannot,  eave  in  exceptional  inntnncc*. 
be  iiiaile  to  pay.  Ciiven  a  siilBcient  and  (.uitAble  area  of  land,  and  if  the  newage  i« 
paitsed  either  over  or  through  it  you  can  have  an  effluent  water  tit  to  pass  into  pui 

"  For  complete  table  of  DompamUra  daily  ti'm(je™tDrc«  nt  Wntcwtet  <uul  Dantiic  for  the  lltr 
wintern,  ISTB-'B  to  1IJS2-93  iDulnBive,  tee  titlier  llio  AiipcnJin  to  RIt,  Ailtii'*  original  nputt,  af 
his  iia[icr  on  Sewufii'  i)iii|)o«l,  in  Trani.  Am.  tioo.  CE.,  vol.  iviii.,  ].|i,  10-17. 

Also  tefer  to  table  Du  page  3UB  fur  iiieui  ti^miwratun:  of  winter  months  M  DkuUW  tor  8t  nu*. 
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fltream  without  pollutiug  that  Htjcnni.  Whether  what  i^i  Udoivu  as  Mewuge  faiming 
coiihl  bu  inuliK  til  fiiiuceeil  in  yonr  diniftte  it,  in  alniu.tt  ini|ii)ssilj|H  lu  sav. 

With  a  winter  of  cxtrenii'  neverily  enteiiiiiiig,  its  you  say.  fjoiis  i!urly  iu  Noveiulier 
to  A|>ril,  a[]il  with  the  ^rouiiil  frozen  fi'oiii  llireia  to  live  f<->>t  ileup  for  n  good  part  of 
llint  time,  the  opiilicotimi  of  smviiKe  would  lie  exlienjelv  lUllii-iilt. 

Our  wint«i'8  heie,  ullhuiinh  adding  to  Ihe  uoulilii  of  mwufe  irriRariun,  (In  not 
make  it  impossililii.  The  teinpemruti*  of  the  Mi^wnxe  nlini  it  reaclit'H  \he  land  is 
sufficiently  high  to  keep  the  'mifnlU  open  :  but  of  eoursii  wlien  it  H|ii'ead»  uiilmi  ihe 
iaml  it  aoon  becomes  fiiizeti.  niid  remains  a,  glnzed  KUtfiu-i'  until  the  tlmw  ap^n  in, 
when  it  i*  gmdiinllv  alworlied  by  ih«  laiid. 

I  tlo  not  fi>el  able  to  givf  an  opinion  as  to  how  fm  \\\ia  process  would  be  Ilniiled 
by  the  Jou™c  of  colJi  to  which  you  are  liable,  hiil  I  fomsee  very  considerable  Jif- 
tipulty  ill  tlie  matter. 

Mr.  James  ManseigL,  M.  Iu»t.  C.E.,  in  answer  to  a  similar  iniguiry 
luldvessi'd  to  him,  wrote  <is  follows ; 

I  liovM  earefiillv  emmidi'ii'd.  in  the  lif;lil  of  my  experience  id  England,  whether 
under  Hiicli  coudition.i  as  these,  the  disposal  of  tewafii-  by  way  of  liroud  irrifjnlion 
and  down  want  intermittent  filtration  maybe  counted  on  as  a  reliable  and  ;uitis- 
factoiy  niode  of  treatment. 

My  enperience  on  this  matter  date.s  from  the  year  18(i0,  when,  iu  coiijuiictioii 
with  my  llieu  ]>a['tner,  Mr,  Hugli  U.  McKie,  CE.,  City  Sni-vpyor  of  Cuili.ile,  [  laid 
out  the  first  sewaj^e  farm  ever  made  in  England,  to  Mr.  McKie  being  duo  the  credit 
of  itt  suggestion  and  initiation. 

Since  that  time,  I  have  laid  out  the  following  sewage  farms  :— Bedford,  Tnn- 
biidpe  Wellfl — with  lirf)  farms,  Colney  Hatcli,  Leavcsdei],  and  Calerhnm  Metro- 
politnn  Liinutic  Asylum.  Lincolu  County  Aitylnrii.  Ormnkirk,  Reading,  Oiitnlham, 
.SimihUoiontsii.  Lincoln,  St,  Alhnns,  Chosham,  lieihcsda.  and  Burt  iiii-ii  poll -Trent 
(now  in  hand),  mid  I  have  advi.sed  n|ion  Ashfoid,  Hildenborougli,  Rotlierham, 
Biriniughnm,   Hereford,  Staines,  WaUliaiii,  etc.,  etc. 

I  believe  my  pniotice  in  this  branch  of  engineering  is  not  aecond  to  that  of  any 
man  in  England. 

During  niy  eonneclion  with  these  works,  uml  on  my  visits  to  other  sewage  farms, 
1  made  myself  acctnainted  with  tlie  circumslanoes  of  the  application  of  sewage  lo 
land  dniiiig  our  Enpli.sh  winters,  and  since  my  interviews  with  yoiii-aelf  I  have 
mode  speeial  and  parlionlav  intjuiries  at  seveml  of  the  farms  above  mentioned. 

The  geni.'ral  esperii'iu'i!  in  Eaghiiid  undoubtedly  is  that  with  ordinary  earn  no 
real  difficniiy  is  expi'iioiieed  in  getting  rid  of  sewage  duiing  frosty  wpatlier. 

This,  I  think,  may  be  accepted  ns  a  fnet.  At  the  ssme  lime,  I  Imve  myself  seen  ic« 
«ix  or  eight  inches  (hick  on  a  sewage  farm  with  a  clay  subsoil,  and  the  tiewoge  con' 
tinning  to  freeze  on  the  surface;  and  I  have  beard  (h.it,  in  Ihf  severe  winters  we 
have  had  here  since  1M78,  it  has  been  with  some  difliciilty  thiil  trouble  has  been 
avoided  on  more  than  one  farm. 

[t  is  {wtpable  that  the  risks  are  greater  whei-e  sewage  in  pill  u]hiu  cky  lands  than 
where  the  .subsoil  is  an  open  or  loamy  gravel. 

If  the  land  can  lie  kept  unfrozen  on  the  surface  by  the  uontiniinns  application  of 
the  relatively  warm  sewage,  all  goes  well. 

.1.  thin  coaling  of  ii'n  may  be  formed  dnring  tlie  nights,  bnt  tlie  sewage  oan,  as  a 
mle,  be  readily  distributed  under  this  film. 

In  this  country  we  lai'ely  have  long  spells  of  hard  frost  unbroken  by  short  inter- 
vids  of  heightened  tem|ierature. 

Under  the  conditions  you  have  deacribed  to  me,  I  sliould  have  very  great  hesita- 
tion in  recommending  the  process  of  broad  irrigation  and  iiilermitlent  filtration  as 
reliable  modes  of  disposing  of  the  sewage  and  preventing  Ihe  jiollution  of  the  river. 

I  sbonlil  fear  that  during  such  frosts  as  you  teJl  me  not  unfreqnently  juevail, 
the  ground  would  get  froieti  so  haid  a?  to  render  it  impeiTions  to  the  sewage, 
which  would  ihen  simply  flow  over  the  surface  into  the  river  or  its  tributaries  in  a 
crude  condition. 

In  order  to  acquaint  myself  more  particularly  with  the  relative  tetriperatures  at 
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Woicealer,  U.  S.,  and  EnglnnJ,  1  linve  obtained  certain   stntislics  fi-om  Mr.  G-  W. 
Symonds,  F.R.S.,  wliieh  I  Lavo  emlKidied  in  the  dceonipanyiiig  diiigmni.* 

In  addition  to  Worcester  and  London,  ali  tlie  facts  are  given  with  accaracv  in 
respect  o(  Vienna  and  so  far  as  concerns  the  "  mean  "  in  lenpeel  of  Berlin,  but  Ibi^ 
"minimum  "  of  Berlin  is  merely  the  best  approsiraation  I  eaii  just  now  piocnre. 

Finni  lliis  diagi-atu  I  leam  tliat,  speakinp:  broadly,  tlie  "  mean  "  temperature  of 
the  montliB  from  November  to  Mai'cL  i[i  Woi'ceHter  and  London  compare  as  follows: 
Novembei',   Worcester     3"  FaUv.  lowei'  than  London, 

December,  "         lli°       " 

January,  ■'         15°       "         "  "  " 

Felmmij,  "         15°       " 

Mardi,  "  11"       "         "  "  " 

The  lowest  reroided  temperatiires  compare  as  follows  : 

November,  Worcester  10°  Fahr.  lower  than  London. 

December,  "        10°      

Jannaiy,  "         21°       "         "  " 

Febniory,  "         34'       " 

March,  "         21°       ■■ 

Mailing  the  compariaon  between  the  mean  monthly  teraperatnraa  of  "Worcester 
Bnd  Berlin  (the  sewage  works  of  which  city  you  have  seen)  the  tlgures  come  out  *e 
follows : 

November,  Worcester    1°  Fulir.  lower  than  Berlin, 

December,  "  8 "  ■' 

Janiiarv,  ■'  4°       "         "  "  " 

FebniaVy,  '■  6° 

Maicli,  "  6°       ' 

I  find  from  the  diagram  that  the  mean  teniperaturea  oF  Woi'cester  are  as  follows: 
November.     7°  Fahr,  above  freezing  point. 
December,     5°      '•       below         "  " 

Januarv,         8"      "  "  "  " 

Ffibmary,      7"      •• 
March.  1°      "      above 

and  the  miuimnm  temperatures  are  as  follows : 

October,        6"  Falir.  below  freezing  point. 
November,  20°      "  "  "  " 

December,  35°       "  "  "  " 

January,       Hi"       " 
FebniftiT,     51°       "  " 

March,  32°      ■■  "  " 

Apiil,  10        "  ■' 

All  these  flgurea  coniirm  me  in  my  opinion  that  it  would  not  be  prudent  to  tniit 
to  gettiiip  lid  of  sewat'f  calisfactorily  at  Woreester  by  the  irritation  procesa.f 

ContiDiiiu?  the  disru«sioii  of  objeetious  to  broarl  irrig'ation  and  in- 
termitteut  tiltnitioii,  in  their  application  to  the  coutlitionH  obtaiiiing  at 
Worcester,  Mv.  Allen  sayn : 

The  great  difference  in  the  amount  of  annual  roinfull  is  also  mi  Importaol  factor 
to  be  con  aide  red.  The  gieatpflt  minfnll  given  at  anyplace  vi.siteil  was  at  Wigsii. 
where  the  average  is  about  fcnty  iiichfs  per  annum,  while  \hc  siiialleat  amount  ww 
at  Bai-nsley,  whoi*  the  avenigi^  wiis  given  aw  28A  inches  per  annum.  The  nvpniRi- 
of  all  places  visited  was  34  inches  per  annum. 

At  Worcester  the  average  is  about  48  inchas  per  annum,  the  lowest  recoi'dud 
amount  for  one  year  being  'MM  iniOies  (or  about  the  «nme  as  the  nri-rane  aniotml  «t 
the  plncp"  where  inquiry  was  maiSe),  while  the  greatest  recorded  minfnll  for  (ins 
year  at  Worcestei'  in  <!1.48  inches. 

Now  it  i«  generally  the  experience  abroad  that  during  etonns  the  aewage  lias  \o 

*  TKe  didfCFdni  in  not  given  In  Mr.  All'-n*^  report, 

t  Fat  f  uittiCT  ilcfinJIion  of  the  limltutiiniB  ut  iriigatlon  in  winter,  vx  Cli^itn  XTll. 
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be  disijuscil  of  ill  nonie  otijer  waj  tban  by  icxigfttion,  lbs  ground  being  (reqneiitlv 
8urcbarB«d  witb  water.  leadGiing  it  iiicaimble  of  purifjiog  tLe  salvage  at  all.  With 
tbe  lai'ge  raiiifall  liere,  this  difliciiltv  would  be  vevy  tmicb  iuci'eased. 

Aaide  from  tbe  dJHiciiltieg  caUHed  by  cliiuatiu  difieieiicea,  tliore  instill  onotber 
objeciion  to  iiiigalion  tiint  iji  the  i-aae  ot  the  I'ity  of  Worcester  should,  it  seems  to 
roe,  huve  gieat  weight.  I  refer  to  tbe  loss  of  water  by  this  means  of  sewage  dis- 
poual.  Just  what  the  amouut  would  be  thut  (he  vegetntiou  would  absorb,  and  that 
would  evaporate,  (Min  only  be  deteiuiined  by  actual  trial. 

At  Berlin,  the  exporiiuents  show  that  at  least  30  yer  ceDt.  is  retained,  while  at 
lkini;a.sltir  ino^t  of  the  water  is  lost  iu  this  way,  the  reason  beiug  that  only  a  suiall 
quantity  of  sewage  is  applied  to  any  one  piece  of  luiid.  the  iuleution  being  not  to 
apply  mure  tliaM  would  eouie  in  an  ordinary  rainfall.  That  llie  Ioti.i  of  water  would 
be  considerable  (here  can  be  no  doubt. 

For  tliis,  it  is  reaHoiinble  to  suppose,  the  city  would  have  to  pay,  as  it  is  situated 
at  the  head  of  a  nianufacluriiig  xlt'eaui.  where  great  value  is  placed  upon  eve^y 
drop  of  water  retained  by  any  means,  judging  fi-om  the  suits  that  have  been 
brought  against  the  city  for  water  token  [or  domestic  and  genereJ  water  supply 
purposes. 

That  this  claim  will  be  made,  the  following  quotation  will  show.  It  is  taken 
from  the  "  Report  of  MillUury,"  dated  Dec.  15th,  IM81,  and  printed  in  connection 
with  the  report  of  the  State  Board  of  Health,  Lunacy,  aud  Chanty,  1882 : 

"  At  this  time,  permit  us  to  refer  to  a  matter  whieh  we  tliink  ou^^ht  not  to  be 
lost  sight  of  in  this  conneetlou.  Whatever  plan  may  eventually  be  ailopled,  there 
will  necessarily  result  a  greater  or  leas  loss  of  water,  which,  in  the  diy  season  of 
the  year,  when  evaporation  takes  place  rapidly,  may  amount  to  so  much  as  to  be  a 
serious  matter  to  tlie  miUs  usiug  the  stream  for  water  }N)Wer.  Even  now  the  loss 
to  man u fuel II re rs  is  noticeable.  But  it  in  claimed  that  whatever  water  is  taken  for 
the  Worcesler  water  supply  is  I'eturnod  to  the  iivpl'  through  the  soweL-s.  I'hi.s  can, 
of  course,  he  true  only  to  a  certain  extent.  Willi  the  sewer  water  Uned  fur  irriga- 
tion anrl  restiaiued  for  purposes  of  ])urilieation,  the  loss  will  be  much  greater. 

"  We  should  urge  the  necessity  of  providing  some  means  to  maki'  good  this  loss. 
And  we  resjiectfully  ask  that,  should  your  Boaiil  rofiort  to  the  Legislature  a  |ilai)  to 
prnvent  the  pollution  of  the  river,  they  will  also  re))ort  that,  by  meaus  of  adtlitional 
storage  lia.'<ins  to  be  used  for  thin  purpose,  the  city  slionld  make  good  tbe  conse- 
quent loss  of  water." 

This  repoi't  was  signed  liy  George  A.  Flogg,  C.  D.  Morse,  and  Osgood  H,  Waters, 
Coniniiltee  of  the  Town  of  Millbm-y. 

While  they  do  not  ask  to  be  paid  for  water  lost,  they  do  ask  that  com])en»atiug 
KHcrvoii's  may  be  consti'ucted,  which  amounts  to  about  the  same  thing. 

The  above  are  the  principal  objections  to  irrigation  so  far  as  the  city  of  Worces- 
ter is  concerued.  While  they  are  more  or  less  local  iu  their  chamcler,  there  is 
dauger  that  by  the  adoption  of  irrigation.  esi>ecially  when  a  large  (jiiaiitlty  of  sew- 
age is  to  be  treated,  the  irrigation  tields  will  liecome  a  greater  nuisance  than 
the  L>ue  which  is  to  be  abateil.  Iu  other  words,  it  takes  the  most  careful  manage- 
ment to  prevent  a  sewage  farm  from  beonming  offensive. 


What  has  l)een  said  iu  relation  lo  the  adoption  of  a  scheme  for  treating  the  xew- 
age  of  Worcester  by  irrigition,  ap]ilies  tdso  to  intermittent  downward  flltmtion,  so 
far  as  the  elTect  of  the  climatic  and  other  eonditions  are  concerned  ;  in  some  re- 
ipecta,  however,  not  to  so  great  an  extent.  For  instance,  the  amount  of  water  lost 
by  evaporation  ancl  absorption  would  not  be  as  great.  The  effect  of  Hevere  fiosts 
would  probably  be  about  the  same,  as  In  oiiler  lo  obtain  an  effluent  that  is  at  all 
•uitisfactoiy.  the  application  (as  Ihe  name  of  Ihe  system  implies)  must  be  intfiiinit- 
tenU  It  will  not  do  to  simply  turn  Ihe  scwaKc  cojistanlly  over  a  single  area  of  un- 
derdraineii  land,  and  ex|>ect  that  a  clear  effluent  will  he  obtained:  Ihe  h»ii  mutt 
hiire  rent.  "  The  intcrmittency  is  a  fiiirf  '/•'■!  ""»,  even  in  suitably  constituted  soils, 
whenever  complete  success  is  aimed  at."  The  danger  would  \it'  that  afl«r  one  til- 
tmtion  area  has  received  all  the  sewage  that  e;ui  be  applied  ut  one  time,  and  before 
the  relatively  warm   sewage  can  be   again  applied    (genemlly  after  three   or  four 
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i]a,v.s),  <lic  {jronnil  wnalil  he  frozen  to  siicli  an  extent  that  tiltralion  uuulil  unt  taku 
|)luci;. 

Tiie  temjieratui-e  of  tile  sewugp  1ms  Hieretoi'e  nmeb  to  do  witli  tLe  leiij^tli  of  riini? 
Ilmt  the f;;i'onuil  oun  im  ki'iil  opi'M,  and  al.'-o  with  the  exteiil  »f  llit;  afeu  U|hiii  nliicli 
s(>Kage  Clin  lie  ai>p)ied  iii  cold  wuiilUer,  Tlien-  ■npic  only  IW"  [iIupi'R  llial  I  vwileil 
wlieio  a  record  liad  been  ke[)t  of  the  tenipenilme  uf  llin  senuge,  viz.,  at  Berlin  anil 
Puris.  At  tlio  former  place  the  loweHt  teunieJ  olure  reached  in  wiulDr  woe  4S'  F., 
while  at  the  latter  place  the  minimnm  was  il"  F. 

At  M'orcester  the  sewer*  bave  all  been  constructed  to  receive  drainaKS  of  every 

iiatiiif.  All  Riu'faoe  water  is  conducted  to  tlietii,  aiul  in  conseqnenco  the  tciDpe»- 
l.iiro  of  tiiu  sewn^je  is  at  tiiiiea  very  low.  TliB  rei'nid  shows  that  in  the  niiun  lalerol 
sewers  us  low  as  33°  F.  is  reached.  It  is  probuhk',  Ihni'efoif,  lliut  spwsge  taken 
from  them  ami  iipplied  to  the  liiul  would  freeze  qnickl.v.  and  conld  riot  bedependni 
upon  to  kfep  the  ground  free  troui  fmst. 

The  lulvaiitage  that  intermittent  lillralion  wnuhl  have  over  brnad  iii-igaUou  i» 
that  a  much  smaller  area  of  land  would  be  rcipiiieil,  and  the  raising  of  cropn  would 
have  to  be  made  of  Hccondaiy  iinjiortauce.  In  fact,  it  would  be  much  better  not  Ui 
Attempt  lo  raise  crops  ut  all,  as  tlu'  iiifcmie  derived  thei'efrom  n*ould  be  Hmnll,  aiid 
the  tendency  would  piobalily  be  (o  ucglecl  llie  piivificution  of  the  isewage  in  order 
to  derive  an  luige  an  income  nn  jiossible  from  the  land. 

It  miisl  b(>  uiiderstiiod  Hint  in  order  to  obliiiii  a  goi>d  effluent,  especially  when 
the  aria  of  laud  is  limiled,  some  ineaii^  of  separating  tbe  slinlge  from  the  sewagv 
is  almo.st  absolutely  iiei'i-ssary  lo  proveiit  the  yround  from  clogging.  This  fact  ii 
lecog'iiKeii  by  Engliwh  anlhoiilies  and,  as  before  shown,  this  method  of  sewnge 
Ireatuicnt  is  rni'ely  used  cieepl  n.H  an  aiixilini'y  to  irrigation  or  precipitation. 

('heniical  preHpittitiun  would  not  be  subject  to  the  objcc  I  ions  spoken  of  above 
mill  where  the  sewage  has  lo  be  treated  constanllj,  through  the  entire  year,  would 
(teem  to  be  the  most  favorable  method  for  adoption  at  Worcester. 

Ou  ftceouiit  111  the  pecnliiir  tiujility  of  the  Worcester  sewajje,  (Iiiu  to 
tin:  (■liarni;t.eriif  tlic  umiinfiU'tiiriiLo;  wustc-K,  it  wiiH  fonsitlerfil  ilpsirnbU'. 
Iiftoro  iictiuilly  dwiiliiiH'  tci  (!«(■  thf  mi'tboil  of  cliemiful  purifimitioii.  to 
ulitikiii  Home  idea  of  tlie  piiiliiilile  timoimt  of  (.■liemii'ivls  which  woultl  bo 
ntltihtiil  in  ortirr  tn  pimlnfi'  ii  aatis factory  effluent.  Professor  L.  P, 
Eiiuiieiitt,  of  tile  Wmcfster  Fme  Iiistittite,  was  requested  to  make  a 
HerieH  of  aiialyscH,  and  -live  an  opinion  as  to  the  qiiitntity  nnd  quality 
of  precipitating  reiificnt  best  miitctl  to  the  conditions.  The  foUowinff 
if  fnim  his  report: 

As  to  the  chemical  cliamcter  of  Worcester  sewage  a  few  wordu  arc  noresaarr. 
■Worcester  wewuiie,  in  consequence  of  the  nature  and  chnraeter  of  ita  mimnfactniinK 
interests,  conlains.  ils  may  Ih'  seen  from  tables  given  below,  a  very  large  aniouut  of 
Hiduble  Blilphaf es.  It  is  well  known  that  nea  water  cannot  be  u^ed  for  flushing 
sewers,  nor  can  sewage  be  run  into  llie  sea  near  Ilio  shore  without  a  dreadfii!  itinL 
resulting.  The  can.-'e  of  this  stink  is  that  the  organic  matter  reduces  tli..-  Milphale* 
contained  in  the  sea  water  to  ihe  slate  of  nul]iliidea,  which  are  then  acted  upon  liy 
Ihe  carbonic  acid,  and  Biil]>lniretled  hydrogen  is  set  free.  That  llie.se  reocljons 
would  take  place  if  Woi'ci'sler  seuago  was  lieati'd  necoiding  to  either  of  the  first 
two  methods  mentioned,  seems  to  me  moi«  than  |-rr.bftb!e.  The  snlphalcs  in  the 
sewage  would  be  lediieed  to  snlpliideR,  and  not  only  carbonic  acid  but  the  free  acid 
in  the  sewage  would  imiiiedialely  decompose  these  sulphides,  and  sulphuretted  hy- 
drogen, with  its  disgusting  ixbir.  would  be  continunlly  given  off. 

The  amount  of  irim  nii/Zn  conliiiuod  in  Worcester  sewage  is  nUo  larft«.  Sfilla  o( 
iron  are  decoiu|«.ised  by  alkaline  substances,  an  insoluble  liydiiite  of  iiriii  lieiuR 
formed,  which  attracts  to  itself  the  suspended  matter  in  thi'  .sewage  ami  carHe^  i^ 
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to  tbe  bottom.  In  purification  of  sewage  by  precipitation,  iran  salts  ore  commonly 
added  after  the  sewage  has  been  made  decidedlj  alkaline  by  the  addition  of  lime. 
The  presence  of  tliese  iron  salts,  therefora,  wonid  be  an  advantage  in  any  precipi- 
tation proceRS,  wliile  thev  wnnld  be  moi-e  or  lees  detrimental  in  au  irrigation  or 
intermittent  filtration  process. 


The  second  pai't  of  jonr  question.  What  chemicals  and  what  amonnt  of  chemicals 
are  nece^tsary  to  add  to  Woi'cester  sewage,  ho  as  to  prodnce  an  effluent  vhich  wonld 
be  harmtees  when  emptied  into  the  Blackstone  river?  I  find  difficult  to  answer 
fullv  at  this  time.  The  aeswer  to  the  question  depends  on  the  chai'acter  of  the 
sewage  ;  what  substances  and  what  amount  of  these  subslaucea  are  contained  in  the 
sewage.  To  determine  this  a  series  of  cai'eful  aualjses  mode  on  samples  collected 
at  half-hour  intervals  during  »  number  of  dajt  is  necessary,  the  sewage  being  at 
the  time  of  collection  the  normal  dry-weather  sewage.  The  last  part  of  the  above 
condition  could  not  be  fulfilled,  as  the  flow  of  Mill  brook  at  Cambridge  street  for 
twenty-four  hours  is  at  present  about  seventeen  million  gallons,  which  would  not 
be  the  case  if  its  flow  depended  entirely  on  the  sewage  i-eceived  from  the  city. 

Such  being  the  case,  I  have  not  thought  it  best  to  make  a  long  eeries  of  analyses, 
as  I  should  like  to  have  done,  and  have  only  made  four  analyses,  two  of  day  and 
two  of  night  sewage.  Each  day  and  night  sample  was  obtained  by  uniting  half- 
honr  samples  taken  throughout  the  twelve  horn's  from  Mill  brook  at  Gambridgo 
street.     Table  No.  I  gives  the  results  of  the  analyses  in  parts  per  100,000. 

Table  No.  2  gives  tho  number  of  i>artH  )>er  100,000  if  the  total  amount  of  solid 
matter  in  the  sewage  remained  the  same,  while  the  flow,  instead  of  lieing  17,370,000 
gallonn,  was  rednced  to  the  iiorniel  dry-weather  flow  of  about  3,500,000  gallons  ; 
and  also  gives,  for  the  sake  of  coniimiinon,  tho  mean  of  181  analyses  of  London 
sewage,  as  given  by  Mr.  Dibden  in  the  Beimrt  of  the  Royal  Conimission  on  Metro- 
jxiliiau  Sewage  Discharge,  Vol.  2,  Page  158. 

Table  No.  3,  columns  1,  2,  and  3,  give  the  total  nunilier  of  pounds  of  (be  various 
iugj'edients  contained  in  twenty-four  houi-s'  flow  of  Mill  brook  at  Cambridge  street ; 
and  column  4  pives  the  calculated  number  of  jjounds  that  would  be  found  in  twen- 
ty-four hours  in  l,000,OiK)  gallons  if  the  total  amount  of  solids  remained  the  same, 
wliile  the  flow,  instead  of  being  17,370.000,  was  3,500,000,  or,  in  other  words,  gives 
Hu  approximate  idea  of  the  amount  of  the  various  ingredients  in  1,000,000  gallon* 
of  WoreeHlei''s  dry-weather  sewage. 

Tablr  No.  1.— Analysem  iit  Wohcbbtbr  Sewaob     Parts  per  100,000. 
January  14th  and  15th. 

t  i.M.  ta  a  r.u.  H  P.M.  lo  *>  A.H.  Avmga. 

Total  solids 43.42  43.42          29.45  28.45          36.43    36.43 

Volatile 14.72  7.82  11.27 

Inorganic 28.70  21.63  25.16 

Suspended 9.92  6.15  8.03 

Soluble 33.50  38.50          2330  23.30          28.40    28.40 

VoUtile 9.60  8.90  6.70 

Inorganic 24.00  19.40  21.70 

Chlorine 4.375  2.58  3.477 

Sulphur  trioxide 8.104  6.07  7.086 

Nitric  acid  trace  trace  trace 

Ferrous  oiide 3.180  2.783  2.956 

Free  ammonia 0.564  0  377  0.465 

Albuminoid  ammonia 0.178  0.106  0.141 

Free  aeid,  in  terms  of  sul- 
phuric acid 3.611  8.680  3.646 
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Joniutj  18th  and  19tJi. 


U  A.H.    to 

Totelaolids 48.40 

Volatile    20.77 

Inorganic 117.63 

SusiM-nded  

Solul.le 32.40 

Volatile 10.40 

Iiioi^aiiic 2-2.00 

Cliloiiue 4.017 

Hiilpbur  ti'ioxide 8.113 

Nitric  acid trace 

Ferrous  oxide  3.121 

Frfio  aiumonia 0.780 

Albuminoid  aiumoaia 0.266 

Free  acid,  iu  teroie  of  enl- 

pbnrio  acid 6.091 


)  P.IL 

n  r.u.  (D  t)  A.II. 

Ato*!*. 

48.40 

21.60 

21.60 

85.00    36.00 

6.10 

13.43 

15.50 

21.67 

16.00 

4.10 

10.05 

32.40 

17.50 

17.60 

24.96    24.9S 

3.50 

6.96 

14.00 

18.00 

2.25 

3.133 

3.917 

6.015 

trace 

trace 

2.018 

2  571 

0.274 

0527 

0.066 

0.166 

2.74 


a9i 


Table  No.  2. 

Colamn  1.  Parts  per  100,000,  mean  value  of  four  analyses  if  total  amount  ol 
solid  matter  in  tbe  sewage  remained  tbe  same,  wliile  flow  was  reduced  to  8,500,000 
gallous.    Column  2.  Mean  of  181  aiialjaes  of  London  sevagc. 

No,  1  Ho.  1 

Total  solids 177.2        177.2  123.83      123.89 

Volatile 61.3  46.60 

Inorganic 115.9  78.33 

Susi^uded 44.8  39.13 

Solul.le 132.4        132.4  84.70        84.70 

Voliitile 33.86  27.6 

Inorganic 98.49  67.1 

Cbloriiie 16.40  16.0 

Sul|)biir  trioxide 32.60 

Ferrous  oxide 13  71 

Free  ftninionia.. 2  461  4.61 

Albuminoid  ammonia 0  769  0.647 

Free  nciil,  in  terms  of  salpliuric  acid 18.745 


Table  No.  3. 

Columns  1,  2,  and  3,  Total  numVier  of  pounds  contained  in  twenty-four  honra' 
flow  of  Mill  brook  at  Cnmbrid^c  street.  Column  4.  Total  nnmlier  of  pounds  in 
I,(H)0,(HH)  Rallnns  if  tbe  flow  was  3.600,000  instoa<l  of  17.370.0(MI  gnllons,  the  total 
amount  of  Koliil  matter  remaining  tbe  same. 

\..    1.  .l^iii    14  Ko.  *.  Jiin,  18. 

Totiil  solids r>2,ir>7  rt2.057               51,586    51,586 

Volatile 1(1,1(1(1                                 19,786 

Inoixnnic 35.'.>.".7                                 31,800 

Ktis].(.n.W.l 11.467  14,8U 

BolnliUi 40.(1011  40,(i()0                 36,757     36,767 

Volatile »,r>70                                 10,230 

Inr.rsr^mic 31,0;I0                             26,627 

Ciilorino 4.970                                   4,617 

Sulpbiir  tiioside 10,127                                   8,953 

F.'lMmso^idc 4,224                                   3,798 

Frc'  iiNNii.mia 664                                      777 

Allmiiiiiioid  ammonia 201                                       246 

Tvee  nciil.  in  terms  of  snlpliuric  acid ,    ...  5,210                               6,788 
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>^o,  3,  iiieHii  of  X<p,  4,  ■III4IL1TII  iti 

I  •ma  i.  i,l}tlO,W>  )iiiiliiii>. 

Total  sitlidB 51,821  .11,821                 14,800     14,806 

P      Volatile  17,a43                               5.127 

rnorgiinic 33.878                               i),B78 

Suspended 13,142  3.75* 

Soluble 38.ti79  38,679               11.(151     11.051 

Volatile fl.900                               2,829 

Inmganio 28,779                               8,222 

Cbloi'ine 4,790                               1.868 

Su!|>bu!-  trioiida 9,540                                   2.726 

Femiiis  oxide 4,008                                   1,146 

Fiw  amninuiii 720                                  206 

Alliniiiiijoid  nminonia 228                                        63 

Free  m;iJ.  in  teims  of  suipburic  acid 5,477                                   1.565 

Tlie  iilinve  tables,  on  account  nf  tbe  verv  large  flow  of  Mill  brook  at  tbe  present 
liun",  ilo  nut  |H'elend  to  any  veiy  gi'eat  degree  of  accuracy  ;  but  tiipy  sbow  tba  gen- 
eral cltaiactei'isticR  oF  Wotueatev  sewage  and  give  a  Ifaais  (lom  wbicb  deductiona  con 
be  drairii. 

Tliey  indicate,  flrat,  tbat  Worcester  sewage,  taking  the  free  annnonia  aa  an  index, 
coiilains  about  oiie-balf  us  inucli  organic  matter  lu  sulution  as  the  average  English 
I  Bewagp,  of  wbicb  London  sewage  may  be  taken  as  a  fair  example. 

That  Worcester  Rewage  contaias  ]l  vmj  large  amouut  of  inorganic  salts. 

That  tbe  amount  of  soluble  sulphates  and  salts  of  iron  iii  tbe  sewage  is  verj 
large. 

That  the  aewage  has  a  decidedlj  acid  character,  while  sewage  aa  a  rule  isof  an 
alkaline  nature. 

Tiiefie  ctiaiacteristics,  wbicb  can   ooflilj  l>e  explained  by  noting  the  cbai'aeter  of 

I  Worcester's  chief  industrieB,  make  it  diftuiult  to  Ui-aw  an  analogy  fiom  any  of  the 
careful  [experiments  made  in  England  ;  and  without  practical  ex]^eriment8  with  our 
own  sewage,  my  opinion  as  to  the  kind  and  amount  ol  chemicais  that  ai'o  best  to  use 
can  only  be  considered  approxiiualely  correct. 
lu  dealing  with  this  question  the  two  mout  important  facts  to  be  considered  are, 
the  acid  character  of  the  sewage,  and  the  large  amount  of  soluble  sulphatesaiid  iron 
soils  wbicb  it  contains. 

In  all  processes  of  chemical  precipitation  an  alkaline  sewage  is  necesEHiy.  To 
change  the  acid  ciiaracter  of  Worcester  sewaf,'e  to  an  alkaline  ebaracler  would  be  the 

■  fli'st  step,  no  matter  what  chemicals  are  aft^rwardn  to  be  nsi'd.  This  could,  I  ihink. 
be  best  accomplished  by  the  addition  of  lime.  The  amount  of  quicklime  necesaai-y 
til  add  lo  l.WHI.IMKJ  gidloiis  iit  Worcester  dry-weather  sewage  (taking  Table  3,  column 
4,  w^  the  basij  fiir  calculation)  would  be  about  IMW)  pound.s. 
^m  By  the  addition  of  this  amount  of  lime  the  sewacc  would  not  only  be  made  nlka- 
^Kline.  hut  a  ]>ai  t  of  the  process  of  chemical  ])recipitalion  would  be  nccoraplisbed. 
^B  Calcium  sulphate,  a  heavy,  fairly  insoluble  substonce,  would  bo  formed,  and  a  por- 
^nion  of  the  iron  salts  would  tend  to  settle  to  the  bottom  of  the  liijniil,  carrying  a  part 
^^of  the  suspended  organic  matter. 

The  sewage  would  not  be  in  a  condition  where  a  oliemical  precipitation  process 
cotild  I w  applied. 
H  The  vaiious  prored.scs  of  cbemicui  precipitation  only  differ  from  each  oilier  in  Iho 
B  kind  of  clipniicalu  need  and  the  maiiiipr  in  which  ihey  are  a]>plied.  For  WiirceKt"r 
scwiiBe  I  lielieve  that  the  simplest  of  all  procesHcs.  Ihe  addition  of  lime,  wnuhl  give 
an  efflii'-nt  Ihat  wonld  bo  liarmless  when  emjitied  into  tbi'  Blackstune  river,  es- 
pecially if.  in  vpi-y  liot,  dry  weather,  the  elSuent  was  run  on  lo  a  small  fttterim;  be-l. 
If  not  iiructicalile  In  have  u  small  fUterinj;  area,  ivliii'h  1  should  oon.sidi-r  dcsirabb-. 
the  further  puiiflcalion  in  veiT  hot  weather,  if  fimnd  necessary,  iniKbl  be  nccom- 
plislied  bv  the  addition  of  a  small  amount  of  ]>ermangunate  of  potassium  and  ^ul- 
phoric  acid  to  Ihe  elHuenl. 

1  believe  'hat  the  addition  of  bme  alone  would  he  suHicient.  uu  account  of  the 
I  large  nmouni;  of  iron  aaltn  already  in  the  sewage  ;  the  amount  in  1,1100,(100  KalloiiN 
leqnnlliug  about  2,117  pounds  of  unhydrouK  iron  sidpliate,  or  15  grains  per  ^lon. 
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Tlipre  IS  possiblr  n  qncstion  wlicllier  tlie  iiuu,  Wiug  in  Ibo  sewage  beltm-  ilie 
iiililitiim  of  tlie  limt?.  noitlil  hniig  uhtmt  tlip  fwiue  i-esult  as  tliougli  added  tJlri  Ihr 
liitit',  as  liltti!  tj j B'ei'enues  liko  tlitH  o(t<^u  aff^ol  tlip  ri^t^nlts  of  ii  clieniival  pn>c«rK«. 

My  opiiiioii.  l1ioii(;l]  Dul  liUKfi)  on  exi^erinientti.  is  tLat  tlie  addilioii  of  nul[<liati' 
of  aluniiua,  oc  llip  furtLer  addillon  of  stil|>hatt^  of  iron,  aonld  h^  uiiueceMiai^  wlipn 
the  SEwage  coiilained  tlie  amount  of  itaii  ^ivcn  abore. 

The  exnet  amuuut  of  lime  uecessair  to  mlil  is  atsa  a  qneKliou  that  ran  oaW  In* 
auswert^d  ufiei- nnmei'ons  p.vjieiiinents.  1  lieljeve,  however,  that  15  grains  of  qntc-k 
lime  \iev  gallon,  or  t!,15()  )>oiniilK,  atid«l  iti  the  form  of  luilk  of  Itine.  noulil  lie 
ampiv  siiBieieiit.  If  the  qnickliiiie  befoi'e  add il ion  was  dissolved  in  nuler,  (or  iiliior~ 
purjm-^e  sewage  water  could  benseil.  jiiodablv  onlv  ooe-halt  of  the  above  anioant' 
of  ijnkkliiDe  would  be  oefeatiaiy. 

The  )>reoipitalo  thns  produced,  techuicallv  knowu  as  sludge,  After  b^lnf;  bii1>- 
jefteil  to  mei-baiiical  jiressiire  bv  use  of  a  ifohuson  filler  press,  would  amonni  Ur 
about  6  tons  for  evei-v  million  gnllons  of  sewage,  and  might  poiaiblv  he  dis^io^nl 
of  as  a  fertilizer,  or  could  be  us<.-d  for  Iht.-  filling  up  of  Ion  land,  or,  if  ueccssarv.  cu:i  ' 
be  barul  in  a  Uoffmaii  furnace,  without  ctmsiiig  iu>t  nuisance  and  probably  withfat 
Ihe  use  of  anv  extra  fuel. 


It  lins  nlready  been  xtateil  that  tLe  sewage  of  Worcester  is  iill  liis- 
chargeii  into  Mill  brook,  one  of  the  confluent  tributaries  which  iinile 
in  the  south  part  of  the  city  to  form  the  BUck»tone.  This  brook  ha» 
n  kllow^l  niiniiimm  flow  of  2.(W0,i'0l>  <rnllons  in  24  hours,  and  an  esti- 
uiateil  luuTiiiuuui  flow  of  nl>out  ■50,(HlU.lH>li  on>llon»  in  24  hours.  Id 
tlesigiiiug-  sewage  ilispoun]  workR  for  Woreestei'.  it  u|)|)eare<l  neccMuiry 
to  Bepfiriite  the  sewage  from  the  normal  water  flow  of  Mill  brw^k.  Ti' 
effect  this  Mr.  .\Jleii  iiroposes  the  i-oustnu-tinji  of  ititeree|iltu^  sewers, 
ninniu^  an  neai'Iy  parallel  to  Mill  )>ruok  as  possible,  and  so  de»i>nieii 
as  (o  take  all  the  dr>'-weather  flow  of  the  lateral  sewei's,  uuly  4klIowitis 
the  storm-water  to  overflow  into  the  brook  by  stonn  overflows. 

For  this  purpose  iiiten-eptius  sewers  ai-e  pnnxistf!  for  eaeli  side  of 
the  brook,  wliich  are  to  extend  tbrou-rh  the  entire  leufrth  of  the  city 
and  Quite  to  the  Honthem  portion,  at  the  jnnetion  of  Cambridge  and 
Millbury  streets,  from  which  point  a  sinple  conduit  36  inches  in  ilinm- 
eti-r,  which  it  is  proposed  to  lay  in  the  bottom  of  the  insert  of  the 
hirye  sewer  iu  Miltbnr>'  street,  will  extend  to  a  point  near  the  junction  of 
Millbuiy  and  Vernon  streets.  From  this  point  the  outfall  sewer  is  to 
diverge  from  the  present  sewer,  and  after  erossin^  under  the  bed  of 
the  river,  follow  through  Millbury  street  U*  Greenwood  st^e«^.  alonp 
(Ireenwooil  street  a  distautH'  of  about  1.000  feet,  and  fium  thenoe 
newly  parallel  with  the  Providence  and  Worcester  railrcNid  Ut  the 
lix^ation  of  the  purification  works,  a  short  distance  furtlier  aoath.  Thta 
Mn-tion  is  to  be  of  brick.  4i  inches  in  diameter,  with  a  grade  of  1  in 
3.ona  Its  estimated  rapacity  is  15,000,000  g:allons  in  24  hours.  Thtft 
cnpacity  has  in  view  a  considerable  frn>vth  of  the  eity.  AllemativtfJ 
plnns  for  inten-^^ptinp  sewers  are  also  sn^ffesieil  in  the  n-poft.  bnl  in-1 
asmuch  as  they  do  not  c«i*ecially  modify  the  metboa)  of  puriflcation 
whieh  has  been  adoptet).  we  ne«l  not  separati-Iv  n-fer  U>  them  hen? 
Th>-  detail  of  tlte  proptvH'nl  scheme  [or  chemicftl  pm-ipitatlon  is  sof- 
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[ficiently  eshiliitnil  for  pre«eiit  purposes  liy  tbe  followiug  ostitDBtes  mt 
icuudoiicit.-i1  from  tbe  report : 


EsrtUATB  No.  1.     (Jheuioal  pBEcnrrATioN  with  jKTKtingFTiNo  Sewsbs, 

at  Hide  intercepting  newor,  Iroia  liinuolu  square  to  Poud  Htre^t.    witli 

chongeB  in  present  RVKlem 851,900  l)U 

("West-side  iiiteiueptiiiR  HenH'.  fn>iu  Lincoln  square  to  Pond  street,  ^ritli 

cbangosi  ill  present  Nvslcm (i2,300  IHI 

llnterce[iliQtj  l>il)e,  from  Pond  street  to  outf«|[  sewer 41,Li&l)  fHJ 

lOiiirall  sewer,  fmm  Mill  brook  to  precipitfttion  works 54,77it  1^0 

Jituiliiing,  Tiinks,  uiid  Mucliinery 00,000  IMI 

«270,2;2j  IK» 
Idd  15  per  ociit  fur  Etigineeiiiig  and  cuutiugeuuies 40.iiS:j  75 


8310,758  75 
:iiu)d  and  land  damagea 13,000  00 

TotaJ 8322,758  ". 


EsTutATii  Nu.  2.     Intbbmittunt  Fn/TKATioK  wrrB  iNTSiiraptiHa  Bkwiuw. 

aat  iiJid  West-aide  intercepting  sewers,  intercepting;  pipe  from  Pond 
stL*ect  lo  outfiill  sewer,  nnd   oiitfsU  sewer  from  Mill  brook  to  loeu- 

lion  ij(  [inHjipiiation  uoiks  a-s  jiei'  previous  estimate 3210,225  00 

lOiittall  sewer  extended  from  iocaliou  of  precipitation  works  to  tiltral.ion 

area 45,1!15  00 

I'leimriuK  SO  acres  of  land  for  flltmtion  purposes 80,000  00 

[Hiibsidiiig   tanks 10,000  00 

8315,360  00 
^Atld  15  per  cent,  for  EugiDeering  and  contingeucies 51,601  00 

8397.164  IKI 
nnd  and   l.iml  damages 12,000  00 

Total ftl36,l&l  00 

In  regard  to  the  possibility  of  eombiniiig,  ut  Bome  time  iu  the  futiiri>, 
^chenjic;al  trentiueut  witii  iiitermitteut  liltratioD,  it  xa  Htated  tliivt  tliu 
BadditioDal  expouBe,  above  the  cost  of  the  precipitntion  scheme  uloue, 

wouKl    be  either  $197,405,2.'i  or  $-214,81)0.00,  the  differeiice  dopemliiig 
I     npou  which  of  two  available  filtratioii  areas  might  be  selected. 
B    Iu  regard  to  the  cost  of  operation,  it  Ik  stated  that  the  estimntes  ni 

annual  expense  are  based  upon  a  cost  of  45  cents  per  person  per  year. 

» Assuming  that  the  sewagi-  of  50,000  people,  nniouutiug  to  3,000,000 
g:allous  per  ilay,  now  enters  the  sewers,  the  annual  cost  upon  tliis 
bitsis  is  found  to  be  122,500  per  year.  Tbe  annual  cost  of  operating 
intermittent  liltratiou  for  3.000,000  gallons  per  day,  constantly  treated, 
was  estimated  at  ?H,200  per  year.  But  these  estimates  of  cost  do  not, 
either  t^use,  include  either  interest  on  the  eost  of  the  plant  or  tbe 
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ftiinaal  sum  to  be  set  aside  for  n^newaU  and  depreciation  ;  they  mere- 
ly include  the  actunl  running  expense  per  year. 
In  concluding  his  elnbomte  report.  Mr.  Allen  states  that  his  reasons 


«i«-*-»>  si«>v: ' 


for  preferring:  the  method  of  purification  by  chemical  treatment  at 
"Worcester  are  as  follows : 

L  Ttuit  tbe  elSneDt  obttuned  will  nitbunt  donbt  «infomi  to  tine  Rqnirvownts  cf 
tlie  law. 

2.  Tbat  tlie  cnot  of  •vislilisliiiig  a  yUat  will  be  1«bs  IIibji  bj  dtker  UHgatioB  er 
downvanl  iiit^miill^iit  tilli«li<'n 

8.  TliftI  cl]<>iuip«l  inv(-i|>it.itiuii  vH\  nnt  bo  tfllpctM]  bv  cliinalif  maditioM. 

4.  Tbera  will  be  dii  loss  uf  \raWt ,  and  conaeqacntlj'  no  «na«r  damages  to  ftj. 
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5.  It  t.iiis  method  of  ilis(rasal  is  uilupteJ  bj-  the  city  of  Woi-oester,  it  will  be  in  a 
poeition  to  take  odvautage,  nitiiout  materiol  change  in  plant,  of  improvementH  that 
will  undoubtedly  be  made  in  tlie  methods  of  sewage  diBposal, 
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6  TUiit  precipitation  will  be  a  vnltmble  niuilinry  to  irrit^tinn  or  intermittent  fil- 
tration, if  it  slioiilil  ever  lie  thought  dDximbla  to  iidd  pither  of  tlieae  inetbods  of 
diBIKiHiil  to  the  sj'Bteui. 
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b'ollowing  Mr.  Alleu'a  report  «f  1H87,  from  which  wo  liavf  ijuoted  at 
Itiigtli,  ou  May   14.  1888,  tlif  City  CmiiKril  mloptod  «u  order  for  tlio^ 
c-oiistnictioii  of  tli«  oiitfivll  Hewer  from  thf  main  chiuiiiel  uf  Mill  brook 
tu  the  proposed  locatiou  of  the  preripitatiuu  works     This  section  of 
th«  sewer  whs  Imilt  at  uu  uctual  uout  of  Hituut  $69,000. 


Fig,  62. — Vntw  OF  Of.ntiiai.  (^iiaknki..  Wom-i.^uTKn  I'uMini.iiiN'i  T.i\Kti, 

On  July  8, 1889.  thp  f^ity  Ooniicil  ordert^d  the  coiiHtrncHoii  of  theprt-j 
t'ipitatioii  works,  and  work  1k's"iiii  im  soon  tlii-reaftpr  as  the  detitili-dj 
plans  could  be  sufficiently  iiiatiired.    The  f^eiieral  nlnn  of  the  prei'ipi-| 
tatiiis  works  is  shown  by  Vis-  '>*• ;  two  views  by  Fijfs.  Ul  and  62 ;  ami  i 
the  details  ai-e  illustrated  by  Plate  IV,,  which  sliowa,  Fig.  1,  a  section  i 
of  the  outfall  sewers  leadiiifr  to  the  puriticatioii  works,  where  it  paKseH 
under  the  river  ;  Fip  3,  a  sei-tion  of  the  central  ehaiiiiel  and  the  pipe 
ari.'h  ;  Fig:.  4,  tlie  effluent  pipe  and  shidge  drains  in  plaee.     The  niaiii 
shidffc  drain  is  connected  with  the  wbidy:''  well  Incated  in  tlie  l>asenieiit  i 
of    the  machinery  buildinw'   at    point   A.  PifT.   RO.     Fi)?.   fl    is  a  sclf- 
exidanatory  section  of  the  side  and  middle  walls.     The  overliow  steps] 
and  elHnent  (kain  are  shown  by  Fitrs.  fi,  7,  and  8.  also  on  Plate  IV. 

In  re^rd  to  the  method  of  treatment  which  has  been  finally] 
adopted,  Mr.  Allen  in  his  report  for  the  year  ending  November  30,] 
1890,  says : 

The  trentmetit  ivliioh  wo  liiive  Hiiully  uJnpteil  ia  Uiu  "  cntitiTinnus  iiroccM."  'Che  I 
sewage,  8fl«r  leaving  tlin  ontfull  si'wer,  otiteni  tlie  rei^eiviiig  oljanilier  111  Un"  gtte  iv\ 
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'  ecreeii  houae.  It  tlien  iinases  lliroiigh  the  screens,  wliere  all  uialtei'  IliHt  wunkl  leiid 
to  clog  the  Htuilge-Jiuiup  nre  screened  out,  such  a^^  pajn'r  miil  sticks  (if  wuuil,  tt 
iheu  j>as«eH  t!ir<riigli  the  outlet  chamber  itiLo  the  inking  chaiiiieJ.  The  chciuiculs 
lire  iiitvodausii  at  tin*  tijipi-'r  end  of  this  channel,  being  disehaiged  lluoiigh  jiiiiea 
connected  with  Iho  vnis  inside  the  building.  After  the  introduction  of  the  clicnii- 
cala  tlie  sewuge  flows  through  the  mixing  i^lmauel,  Iho  cheniicals  l>eing  Iborouglil^ 
uiixed  with  it  b;  the  agitatiim  jiroduced  by  the  baffle-plates.  From  this  channel 
tlifj  sewage  passes  through  the  first  weir  iiilo  tank  N<i.  1.  Hf  re  there  is  a  fall  of 
oQi'  foot,  which  tends  to  mote  thoroughly  mix  together  l\i»  st-uage  and  clieiuicaJH. 
it  llieu  pasHcs  very  slowly  tliroiigU  tank  1,  out  of  liiis  lank  through  the  sei't'iid  weir 
iiito  the  main  ehannel.  tliim  through  the  tliird  weir  into  tank  2,  through  tank  'i  into 
tank  3,  and  tliyiice  through  tanks  i,  5,  ami  (i,  luilil  it  i!>  disehargeU  liiially  Ihiough 
the  last  weir  and  over  llie  oveiDow  steps  into  the  effluent  drain,  and  friun  thence 
into  the  river ;  it  takes  about  six  hours  for  it  to  puss  through  all  the  tanks.  The 
pusitioQ  of  the  Weil's  ami  the  general  ai'ratigement  of  the  tauki^  in  sliown  by  Fig.  (K). 

When  it  bfcomes  neeeasary  to  dean  a  tank,  the  flawh-biiurdH  are  placed  in  the 
weirs  connected  with  this  tank,  aiul  the  sewage  i»  passed  around  int»  the  ue&t  tank 
through  the  main  cbimnel.     Tauk  No.  'J,  in  Fig.  tiU.  is  represented  as  being  i-ut  out. 

The  Mewage  in  the  tank  to  be  cleaned  is  then  allowed  to  i-est  from  three  lo  six 
hours,  BO  that  thorough  precipitation  will  lake  place  before  the  water  is  drawn  <iff. 

In  front  of  each  effluent  pipe,  and  projecting  into  the  Imjk,  is  n  flume  of  wood. 
This  flume  is  ho  cunstnicted  that  the  water  can  be  di-awn  From  the  .surface  by  means 
of  flash-boards  (!  inches  deep.  When  the  time  has  aiTivod  for  drawing  the  water, 
the  first  flash-board  is  removed  and  the  gate  at  the  nioulh  of  the  elBlient  pipe  is 
opened.  The  water  flows  over  the  top  of  tlie  Hecond  flash-board,  through  the  gate 
nnd  etHuent  pipe  into  the  etHiient  diuiu,  and  then  into  the  river.  This  method  ia  re- 
peated until  all  the  boards  have  been  removed,  and  the  water  drawn  down  to  the 
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level  of  tlie  sludge.  The  gate  at  the  mouth  of  Ilia  sliidee-drain  in  then  opened,  nnd 
the  sludge  flows  through  the  shiilge-ilmin-i  to  the  shidge-well  under  the  building. 
It  is  pum|>ed  from  this  well  info  a  pipe  carrier,  and  flown  by  gnivity  lo  the  sludge- 
beds,  located  on  land  owned  by  the  city,  situated  on  the  easterly  side  of  the  Provi- 
I  deuce  A  Worcester  Railroad,  and  entirely  r.>moyed  from  the  works.  Thin  land 
I  (about  16.5  acres)  was  selecti'd  for  this  puipose  owing  to  its  very  favorable  location. 
It  is  Hituatoil  lietwei'u  the  r.iilroail  and  the  i-iver,  is  entirelv  isolntod,  there  beinc  no 
way  lo  reach  it  except  through  land  owned  by  the  citv.  The  linlnlity  of  compiaiut 
bein^  made  by  reason  of  its  near  proximity  to  buildingti  is  thus  reduced  to  tlie 
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miiiimiiQi.  A  little  ov^r  onu-lialt  of  the  U'ea  is  low,  swampy  land ;  Uie  reniaiuder  is 
covi'ied  with  kuoils  o(  gi-avel. 

At  present  11  Bindge-beds  are  in  use,  iiU  briii?,'  lorati-d  on  tlie  low  laud.  Tbej 
are  formed  bj-  ri'muviiiy  Ibe  tnrf  fiuiu  llie  tuifiife  niid  cimstiui'ting  dikes  with  tlie 
sijii  removed.  The  beiU  are  lectniif^dai'  in  "iliajie,  uiid  ai'e  iilioiit  ItW  tm-t  sqnare. 
One  dav'B  sludge  is  pumiied  iiilo  em-h  bed.  It.  is  thpii  allii\red  to  rest  for  11  davs. 
the  soeund  bed  receiving  the  lihidge  the  next  da,v,  and  su  ou  Ihi'nugh  theaeiiea. 
This  is  done  tu  avoid  any  poHnihle  ehauce  of  a  Duisunce  arising  from  any  one  bed 
being  iivereliiiiged.  Ocousiounlly  a  luyer  of  pravel  is  sprfud  over  the  noenimilateil 
sludgf.  In  ihiti  way  it  i«  intended  to  grade  ihe  siirftitB  of  llie  entii-o  aien,  after 
wbieh  it  is  intended  Loert'etadoatrnelor  npou  the  kuj  luid  Imwi  the  hhidge— Hliirh, 
from  e\|ieriment8  thiit  have  bopn  innde,  1  am  conviiioeii  can  be  easily  ilimi'.  Tliesn 
lietls  have  been  in  alnmst  oouslaul  use  siuee  the  works  weiepnt  in  o|n-rjilion.  mid 
tbeiu  has  never  been  the  least  trace  of  bail  odor  arising  from  tbein  ev^n  dining  lli^ 
hot  nliinmer  njouths,  Tliis  is,  without  dunbt.  due  not  only  to  the  care  that  liati  been 
used  ill  not  allowing  them  to  be  overcbftiged,  but  also  to  the  chniaeler  of  iLr-  ticw- 
age,  and  therefore  to  the  character  of  the  sludge,  it  being  heavily  charged  with  lion 
sattH  and  lime.  Everylbiug  that  would  tend  to  ureate  a  noiaaiice  seenis  to  be  en- 
tirely killed  out. 

The  iireci|)itation  takes  [ihu-e  pi-inci|jnlly  in  the  fii'st  Hiree  tankn.  The  Kludge 
has  to  be  removed  froni  tanks  Nos.  I  and  '2.  about  once  in  36  linuiit  in  naiui  neuther, 
blit  during  cold  weulhev  we  have  been  able  to  go  four  days  without  cleaning,  with- 
out iierceptibly  afTecting  the  chamcter  of  the  effluent.  Tank  No.  a  ib  chaniJ 
evHry  tno  or  three  ilayn  in  waiin  weather,  and  once  in  7  or  B  duya  in  cold  wcntlicr. 
Tanks  i,  5,  and  6  ucenniulale  very  little  sludge  ;  but  they  are  cleaned  as  often  at  is 
lieeossavy — about  imce  a  week  in  the  hottest  weather,  and  once  in  three  weeks  diiiinK 
the  euldyi'  |wriod.  In  the  tiisi  tw<i  tanks  duiing  «arni  iicailier,  nr  when  the  •ilniij.-e 
tit  removed  once  in  .iii  hours,  the  neenm Illation  is  about  11}  inches  dee]i  over  ihe  '  i>- 
tire  iHitloiii  surface.  No.  3,  svlien  cleaned  once  in  three  days,  has  u  depth  of  slnds" 
of  id)out  B  inches,  Nos  4,  5,  and  li,  when  cleaned  once  a  week,  have  an  ncciininla- 
tion  of  aljont  li  inchen.  The  slndKe  in  aliout  '.'5  per  cent,  water,  and  idler  it  lini> 
been  spleud  U|H>n  the  sludge-bed!'  for  alifnit  0  dayn  lliis  almoa!  enlirely  disnp|)iiirB. 
The  precipitant  piincipallv  Used  at  the  workn  is  Verniont  lime.  Tliia  bus  piDied 
lo  be  much  belter  for  our  nso  than  eillicr  Eastern  or  Wcfilem  lime  It  costs,  de- 
livered at  the  works,  about  :^7.tH>  (ler  inn.  The  siiljiliate  of  alumina,  which  is  used 
ill  limited  ([uanlities,  costs  about  S'i.l.OO  per  Ion  delivered. 

The  sewage  in  extremely  acid,  owing  to  the  fact  that  large  quantities  of  Hiil])huxic 
and  luuiiaiic  iiciils  are  disehtirged  into  the  beweiH  fiom  iron  maim  fact  mi  ng  esioli- 
lishnieiitn.  This  acid  does  not  a]>pear  al  the  woiks  in  iinifoiin  (quantities,  but  is 
exircmely  intermittent.  It  geneinlly  makes  its  iippenfanee  once  in  about  <i  hoorx, 
although  there  is  aiwiirs  acid  jireseiit  in  the  sewage.  Tlie  heavy  flow  of  acid  -fv- 
BKe  generally  lasts  about  one  and  onedialf  hours 

III  order  to  f;''t  perfect  preci|)ilalioii  and  a  poorl  elHnenl.  we  have  found  that  it  in 
necet'.-^ty  to  neutralize  this  acid,  or,  in  olhi-i'  woids,  lo  make  Ihe  seniige  nikniine. 
Tlii"  is  done  by  introducing  a  sufficient  ipiantity  rif  lime  to  acci^inplish  the  nbiecl. 
It  is  therefore  necessary  to  (est  the  sewage  at  very  tri'ijnent  inteiials  during  Ihe  'It 
hours.  Samples  of  tlie  sewage  are  taken  in  glass  beukers  afler  the  ehennnds  aiv 
inlroilner'il,  and  the  test  is  made  in  the  laboistoiy.  .^s  a  test  for  alkalinity,  pheliid- 
phlhalein  is  used.  .\  veiy  (-mall  (|Uanlity  is  dropjied  into  the  beaker  of  s<!Wngr, 
ami  if  the  liipitd  tnrns  red  Ihe  sewage  him  been  made  alkaliue  by  the  liuie  ;  if  iW 
color  remains  unchanged  more  lime  must  be  introdnced. 

The  Kulidiate  of  alninina  is  used  with  Ihe  lime  on  cccHsions  when  Ibere  in  nnX 
MuHicieiit  iron  salts  in  the  sewage  lo  net  with  the  lime  in  producing  a  good  efllurDi, 
gi  iieially  Sundaya  and  Monday s.  The  qnnntity  of  lime  used  lories  wiib  the  laty- 
ing  ebaracter  of  Ihe  sewage.  We  biive  found  by  experience  that  ihere  is  no  flinl 
rule  that  can  be  followwl.  The  nundier  of  pinins  jier  gullon  rajies  from  1  to 
aitO  of  lime,  and  fioni  1  to  40  ot  ainndno.  The  larger  amonntK  are  tor  nliorl 
intervals  of  lime,  so  that  the  average  for  24  hoara  rarely  eiLceeds  8  grains  of  lliu* 
and  4  of  alnniina  ]n<r  gallon. 

When  operations  were  fiivt  begun  Ibe  tanks  wer«  used  jnleiluittetitlj,  and  a  &l»d 
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nmiiunt  of  lime  per  ^jlou  wus  used  ;  iLat  is,  15  grains!,  >;ii_v,  ut  lime  per  giilitin  waa 
iisnil  willioul  ie!,'ai'il  Ui  Ilii'  i-liaracter  of  tlie  i*BWuf,-f,  v.k  is  llie  (iractk'c  in  luiiiiy  of 
the  Kiii'0]>euii  woiks.  It  vas  aaan  fotiml  imt  tlinli  wliile  al  limes  the  eflliieiit  n'oiild 
he  very  fino,  at  othei'  limes  it  noiilil  bo  very  poor,  ami  «t  soon  found  tliiit,  in 
order  to  ohtaiii  n  niiitormly  good  effluent,  the  tiuuiitities  of  Utop  or  ftliiniiiia  Uml  to 
be  increased  or  dimitiislicd  iia  the  ehumottT  of  the  iwwBgo  varied ;  bo  tlie  aeries  of 
tests  jH'Hviously  ojjoken  of  wore  resoited  to,  iind  linve  heeii  constantiy  udheied  to 
xini'e,  with  the  retull  of  ubtuiniiig  au  elBiienl  of  rr^mniliabl.'  luiifonii  cWm-ter. 

Afrer  we  were  satisfieil  llint  we  liad  discovered  the  corri'ot  i>riiioi|.le  of  applying 
nml  mixing  thi:  chemicals,  the  lanki^  vrcTe  iiaed  contimiouhly — i  e.,  the  sewitge  van 
utiuwed  to  run  through  tht;  ontire  series,  as  at  present — aud  thit  pinu  han  been  fol- 
lowi'd  HVer  wiiice. 

At  lii-si.  thinx'  were  days  at  a  time  when  as  hijih  an  i  tonn  of  lime  was  used,  and 
very  much  larger  quaiilities  of  alumina  tliuu  at  present.  Kx]ieiinient3  without 
iiunilii-'i  were  made  lo  see  it  this  excessive  use  of  ehemifBlH  foiild  not  be  reduced, 
and  finally  tlie  fidluwing  plan,  wliich  has  been  extremely  satis faetorv,  was  hit  upon. 

The  arrival  of  the  acid  sewnc^  at  the  w<irk»  is  aiitieipatcd,  and  preparations  are 
made  so  that  when  it  arrivi's  it  is  thoroughly  treated  with  lime,  making  it  alkaline. 
As  thiK  flow  generally  lasts  an  hour  and  a  half  at  a  time,  tanks  I  and  2  become 
heavily  fhaiged  with  it.  After  thipt  extremely  licid  wwage  has  posaed  into  the 
liiuks,  the  machinery  is  stopped,  and  no  moiv  chemicals  ai*e  added  until  the  anival 
of  the  next  dose  of  acid  in  large  quantities — generally  tiom  (our  to  five  h'liirs. 

Dntiug  this  interviil  of  time,  the  sewage  lltat  jHis.ses  by  the  works  iind  into  the 
tanks  is  so  llioi'oughly  treated  by  Ihi^  iron  salts  and  lime  present  in  the  extremely 
acid  sewage  that  has  just  preceded  it,  that  the  cQluent  is  a»  goo<l,  if  not  better, 
than  it  woiiM  be  if  chemicals  weio  ajiplied  as  it  passed  the  works.  In  other  woiiis, 
there  is  au  excess  of  chemical  matter  in  llie  acid  sewtit^e  after  the  lime  is  added, 
which  is  ulilt^ted  as  a  precipitant  by  passing  ermle  sewage  through  the  tuukB 
heavily  cliariicd  with  it.  Kxperienee  has  domoiistiiited  Ihat  cmde  sewage  passed 
Ihrough  t4mks  1  mid  2,  previonslv  fiUed  with  the  acid  si'wage,  will  become  mixed 
with  it.  and  that  this  can  lie  relied  upon  to  do  its  work  thoroughly  for  intervals 
of  fr<.>m  i  to  ■>  horn's.  Thli*  has  resulted  in  the  saving  of  large  [{aantities  of  lime, 
the  niiioniiL  now  used  per  day  being  about  one-half  the  iimouut  used  for  some  time 
after  the  works  were  put  in  operation. 

All  the  lime  and  alumina  used  is  weighed  in  the  chemical  room  befoi'e  it  in 
turned  into  the  vatK.     In  this  way  the  nninber  of  giains  per  gallon  is  determined. 

I  have  already  deseiilH'd  the  mmiiier  in  which  the  sewaye  is  tested,  the  object 
being  to  have  it  alkutinc  when  it  nntei's  the  tanks.  If  it  is  necessaiy  to  increitse 
nr  diminish  the  ([Uantity  of  chemicals  used,  the  per-ion  mailing  ihe  tests  gives  the 
•  irder  thmugli  a  s])eakiiig  lube  connei-ling  the  lalionitniy  with  the  chemienl  ni.ini. 
-All  orders  ai-e  given  in  i/niins  |ier  gallon.  For  instance,  it  it  i-*  desired  to  u'^■  10 
Itiuilis  o(  lime  per  gallon.  VI  lbs.  of  lime  is  poured  into  the  vats  once  in  4  minutes. 
If  it  is  iiei'essai'j'  to  incienso  to  "2lt  grains  per  gallon,  13.7~i  llw.  is  useil  every  4 
minutes;  Ihiity  gmins  calls  fur  'Ji'lTO  ilis,  every  3  minutes  ;  lifty  L'luins  calls  for 
44  75  His.  every  3  minutes  ;  lOtt  giiiins.  Nil  lbs,  evmy  3  ininnies  ;  l.'irt  grains,  8!)  lbs. 
I'veiy  2  miuntes;  2UI)  grains,  110  lbs.  every  two  minutes;  ;«HI  ginins,  S'.l  lli.s.  once 
a  minute.  The  above  is  on  a  basis  of  3,0(M).0(X)  gallons  in  M  hours.  Tiibles  l>a\-o 
lieen  prepared,  and  are  kept  in  the  chemical  room  in  a  con.spicnoo'*  place,  so  that 
llie  operative  there  can  tell  at  a  glance  the  nnmlier  of  pounds  of  lime  or  alumina  he 
in  to  put  ioto  the  vats  in  response  to  the  order  from  the  laboratoiy. 

It  IS  not  my  pur|Kise  in  this  re(>ort  to  give  (he  resnll  of  analysis  made  of  the 
■  elHiient.  We  have  not  siiflicient  data  at  hand  to  give  a  uoiTect  idea  of  its  true  char- 
acter. The  anah'ses  should  extend  over  a  long  jieriod  of  lime  before  a  result  that 
ran  bo  relied  upon  can  he  obtained.  It  is  sufficient  to  say  that  we  know  all  tho 
>iTis[>ended  matter  is  removed,  that  the  organic  matter  carried  in  solntion  is  very 
largely  reduced,  anil  that  the  fiee  and  albuminoid  ammonias  are  also  largely  re- 
duced. 

As  a  practical  illnstrntion  of  what  is  Bccomplished,  samples  of  the  sewage  and  of 
the  etilnent  taken  at  the  same  time  have  been  saved.  Sewage  five  niouths  old  ia 
the  color  of  ink,  and  the  odor  from  it  ia  «o  foul  that  it  is  sickening :  while  the 
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efflnent  of  tbe  same  age  is  clear,  colorless,  and  eiitiiel,y  williont  mlor.  1  am  per- 
feclly  siLttslii'il  lLat  im  JecnlujiositioD  takes  ]>lnre  tii  tlie  ef&iieut,  and  that  so  Fai  ns 
the  BLiL'katune  river  is  concern  eil ,  it  is  as  tin  object  ion  able  as  Nprinp  water  would 
be.  I  do  not  claim  lliut  drinking  ftiiter  in  maniifiwturcd  at  tlie  diBpOHol  woike  . 
what  I  bplievia  in,  tliat  the  uieliiod  of  treatment  is  sueli  that  wbeL  (lie  wliole  sew- 
age of  the  city  is  dealt  witli  at  (lie  works,  tbe  BEackstoue  river  will  be  entirely  re- 
lieved i)f  any  further  pollation  by  the  city  of  Worcester. 

As  to  the  cost  of  treatment,  Mr.  Allen  stjitee  tbiit  it  is  constantly 
bem<r  rt'diiced,  und  nt  the  time  of  msikin^  his  roport  is  wpU  within 
his  estimate  of  1887,  namely  $22,500  for  3,000.0011  gallons  per  (lay, 
constantly  treated. 

On  June  17,  1892,  Mr.  Baker  visited  the  works  and  obtained  the 
additional  mid  later  information  ^iven  lielow. 

For  some  time  after  the  plant  was  put  in  operation  3,000,000  gallons 
of  sewage  were  treated  daily.  This  amount  was  afterward  increased, 
and  on  June  19,  1891,  the  daily  treatment  of  6,000,000  gallons  wiw 
begun,  it  being  considered  better  to  partially  treat  this  amount  than 
to  treat  a  smaller  amount  thoroughly.  In  1892  the  construction  of 
10  new  tanks  was  begun,  making  16  in  all.  The  infommtion  secured 
regarding  the  more  recent  operation  of  the  plant  iind  the  extensions 
is  as  follows  :• 

Originally  the  lime  was  ground  at  the  works,  but  now  it  is  slaked  in 
a  vat,  a  ton  at  a  time.  In  this  way  about  23  per  cent,  of  lime  and  3(1 
horse-power  are  saved,  wlii<-h  is  jiartially  oifset  by  the  fact  that  the 
lime  must  be  slaked  by  hand.  Either  sewage  or  water  may  be  used 
for  sinking. 

The  agitatoi-B  formerly  used  to  mix  the  cliemicals  are  still  nseil,  but 
this  is  because  then?  is  no  other  means  of  getting  the  lime  through 
the  pipes  to  the  sewage  below. 

During  the  year  ending  Nov.  30,  1891,  there  were  treated  1,399,000,- 
000  gallons  of  sewage,  or  about  3,830,000  gallons  daily,  from  which 
22,042.000  gallons  of  sludge  was  precipitated,  the  sludge  haviuff  been 
pumped  to  sludge-pits.  The  solids  in  the  sludge  aggresnted  1.230 
tons,  or  about  3i  tons  a  day,  all  of  which  was  diverted  from  the  river. 

The  amount  of  lime  used  during  the  year  was  757.8  tons,  and  of 
alumina  64,65  tons.  These  chemicals  were  used  iu  varying  qunntitie»< 
and  often  the  alumina  was  not  used  at  all ;  still,  giving  the  averages 
for  what  they  are  worth,  we  find  thiit  for  the  whole  year  the  av- 
erage amount  of  lime  used  per  gallon  was  7.6  grains,  and  of  alumiiin 
0.65  grains. 

The  disposal  of  the  sludge,  the  solid  part  of  which  amounted  in 
1891  to  3i  tons  per  day,  has  been  a  serious  problem  from  the  start 
At  first  the  sludge  was  put  in  heaps  and  covered  up.  but  this  did  not 
give  satisfaction.     Three  different  sludge-fumacPH  were  tried,  but  the 

•  Kag.  Newi.  vol  iii»iiL  (July  88,  IMW),  fp.  T7-a 
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labor  involved  was  too  {freitt,  iLltliou^trL  the  sliidcre  formed  its  own 
fuel  lifter  once  kiinUfil.  lu  one  of  tlLese  fiirnaLics  sludfre  oontaimng 
5U  per  cent,  watisr  burned  quite  niiiidly,  wliile  SDim,'  coutainiiag  72  per 
cent,  of  water  burned  at  the  rate  of  2.225  tons  in  nine  hours,  unaided 
by  other  fuel.  In  the  spriiiir  of  181I2.  the  shulj^e  which  had  accumu- 
lated since  September,  IW'Jl,  was  oarted  away  at  the  expense  of  the 
city  and  put  on  to  farm  hmd. 

As  late  as  the  spring  of  1802  there  were  only  eleven  sludge-beds, 
coveriufj  an  area  of  about  three  acres.  These  had  been  overworked 
until  they  were  almost  useless.  Wheu  the  sludfje  on  the  beds  did  not 
exceed  a  few  inches  in  depth  it  was  found  that  it  dried  quite  rapidly. 
All  area  of  5.7  acres  wiis  therafori'  added  to  the  sludge-beds.  The 
tirst  Iwds  were  not  nnderdrained,  but  thu  later  ones  have  been.  The 
sludge  pusses  to  the  bcda  tlirough  wooden  troughs. 

The  new  tanks  will  have  the  same  capacity  each  as  the  old  ones,  but 
will  bo  of  ft  different  shape,  their  dimeuwions  being  40  >:  1G6J  feet,  5 
feet  deep  from  the  top  of  the  weir.  Sewage  will  discharge  about  18 
inches  deep  over  the  weir.  Tlie  old  tanks  were  66^  x  100  feet,  5  feet 
deep.  There  will  be  ten  of  these  tanks,  increasing  the  capacity  of  the 
plant  to  15,000,000  gallons  per  day  and  providing  for  the  treatment  of 
the  entire  dry-weather  flow  of  sewage,  which  in  April,  1833,  was  re- 
ported as  varying  from  11,000,000  to  15,000,000  gallons  per  day. 

On  -Tune  15,  1893,  Mr.  Baker  visited  the  works  for  the  second  time, 
and  found  some  interesting  features  being  introduced  in  connection 
with  the  extension  of  the  tank  system.  A  new  form  of  lime  agitator 
is  to  be  used,  as  shown  in  cross-section  in  Fig.  63  (page  435).  In  the 
new  agitators  the  lime  will  be  mixed  and  kept  from  settling  by  meims 
of  compressed  air.  Two  masonry  tanks,  each  8  by  16  feet,  will  be  used 
for  the  lime.  The  bottoms  of  the  tanks  will  have  an  undulating  sur- 
face, as  shown  in  Fig.  63,  and  in  each  of  three  longitudinal  depressions 
there  will  bo  a  IJ-in.  wrought  iron  pipe,  perforated  every  28  ins,  with 
i-in.  holes,  the  holes  in  each  pipe  alternating  with  those  in  the  other, 

The  air  will  be  furnished  by  a  Rand  air  compressor,  with  12  *:  16-in, 
double  cylinders,  there  being  ample  boiler  power  available  to  dtive  it. 
The  air  will  keep  the  lime  continually  agitated,  and  it  is  proposed  to 
slake  it  in  lots  of  2j  tons. 

As  practised  in  1892  and  the  first  halt  of  1893,  the  lime  was  slaked 
and  kept  stiiTod  by  means  of  a  hose,  two  men  sometimoa  being  re- 
quiied  for  the  work. 

An  8-in.  pipe  will  connect  with  the  new  lime  tanks  and  convey  the 
lime  to  tho  inlet  channel  at  a  point  nearly  100  feet  above  the  old  lime 
inlet,  which  was  just  below  the  screens,  at  the  throat  of  the  salmonway 
or  baffle-plates. 

The  practice  of  putting  the  sludge  upon  sludge-beds  will  be  con- 
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tinned,  bat  the  Bludge  from  the  new  settling  tanks  will  pass  to  an  open 
channel  and  thence  to  a  Shone  ejector,  the  air  for  which  will  be  com- 
pressed by  power  from  a  21 -in.  Holyoke  tnrbine  driven  by  the  eSneiit 
from  the  top  of  the  tanks,  which  will  give  a  head  of  abont  7  feet  on  the 
turbine.     The  ejector  will  have  a  capacity  of  35,000  gallons  per  hour. 

Id  1892  the  city  hauled  the  alndge  to  the  land  of  some  farmers,  and 
gave  it  to  them  in  order  to  introduce  it.  In  1893  the  farmers  have 
hauled  the  sludge  themselves,  but  have  not  paid  the  city  for  it.  The 
sludge  has  been  found  to  give  good  results  with  many  different  crops, 
and  especially  with  corn,  potatoes,  and  rye.* 

*  The  chief  Huiees  of  iafonaition  in  regard  to  the  sei**^  dinponl  work*  at  Woroarter  u  >c- 
taall;  Oftiried  oat  (in  uidition  lo  the  referGDOei  altekd;  given)  are  : 

(1)  Rept.  of  the  Citf  Bag.  to  the  Cit;  Coaa..  in  re.  Dispoul  of  the  Bewue,  eta,  1887, 

(2)  An.  ReptK  of  the  Com.  of  Sewen,  the  Sapt  of  Sewera,  mod  the  Oitj  Bag^  tie.,  tcet  Jz.  end. 
Nov.  30. 18W. 

Also  see  Bng.  Sem,  vol.  xai.,  p.  138  (Nor.  15,  1890). 


CHAPTER  XXVin. 

DISCHAKGE  INTO  TIDE-WATEB  AND  PROPOBED  CHEMICAL  PEEOIPI- 
TATION  AT  PBOVIUENCE.  HHODE  ISLAND. 


I 


TaE  city  of  Providence,  Rlio*le  IslaiKl,  situated  lit  tlie  Ueatl  of  Nar- 
rap  III  sett  Ba,y,  is  tlit.-  second  city  in  New  Kiigland.  The  population  in 
1850  was  41,513  ;  ISISH,  50,«G(i ;  1S70,  m,'Mi  ;  1H80,  104,857 ;  18»0,  132,14ti. 

The  city  is  intersected  by  the  Woonaaqu  a  tucket  and  Mashassiick 
rivoiH,  which,  uniting  to  form  the  Providence  river,  divide  it  natiiriilly 
into  throe  sections.  The  Seekouk  river  is  on  the  »^asteni  boundary. 
The  eastern  section  is  high,  its  estretne  eleviititjn  being  over  200  feet, 
and  falling  away  abruptly  to  the  west  toward  the  Mashassuck  river, 
and  also  inclining  gradually  toward  tlie  south  to  the  harbor.  On  its 
easterly  border  are  th(^  cliffs  of  the  Hei'konk  rivc.'r,  fruiu  20  to  o))  feet 
in  height.  A  large  portion  of  the  southwestern  section  is  from  60  to 
70  feet  above  tide-water.  The  northwestern  section  generally  rises  in 
u  northwesterly  direction,  with  a  l;trge  portion  above  an  elevation  of 
90  feet,  while  much  of  it  ranges  from  1.10  to  lilO  feet,  with  the  highest 
pt>iut  in  the  neighborhood  of  200  feet.  The  surface  of  this  portion  is 
iliversified  by  hills  and  dales.  The  topographical  features  of  nearly 
the  whole  city  are,  therefore,  generally  such  as  to  give  unusual  advan- 
tages in  respect  to  sewerage  and  drainage. 

PrevimiB  to  1871  no  systematic  system  of  sewerage  existed  at  Prov- 
idence. In  that  year  a  comprehensive  plan  was  ]irepared,  and  the 
construction  of  sewers  begun  under  the  direction  of  the  Board  of 
Water  Commissionei-s,  with  J.  Herbert  Shedd,  M.  An».  Soc.  C.E.,  as 
chief  engineer.  At  that  time  there  existed  about  8.5  miles  of  old 
stone  sewers  and  drains,  which  were  used  to  a  considerable  extent  for 
house  dntinage.  None  of  the  original  sowers  were  incorporated  into 
the  present  system,  although  some  are  still  used  as  smface-wati^r 
conduits  only. 

The  original  sewers,  as  well  as  those  designed  in  1871,  discharge 
;iato  the  intersecting  rivers  and  the  harbor  at  the  most  convenient 
points.  The  fact  was  fully  recognized  in  the  formal  design,  that  in  the 
end  the  pollution  of  the  streams  and  the  harbor  would  become  such 
as  to  necessitate  some  other  arrangement ;  and  accordingly  Mr.  Shedd's 
plans  included  the  ultimate  construction  of  a  series  of  intercepting- 
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sewers,  by  whk-li  tlie  etitiie  flow  of  sewiij^e  woulil  hn  conveyed  to 
Field's  Point,  iit  tliu  BOutLeiu  ustremity  of  the  luuixtr,  and  tliere  diw- 
cliarg'ed  with  the  ebb  of  the  tide  into  deep  water.  The  mean  raii^  of 
the  tide  jit  Providence  in  ivlwut  4.7  feet. 

Id  1874  Mr.  Hliedd,  in  response  to  u,  resolution  of  the  Board  of  Alder- 
men  of  NovendKT  20,  1873,  asking  for  information  in  rcgaitl  to  tlu' 
general  plans  on  which  the  sewers  had  been  eonstructod  to  that  daic, 
Muhndtted  an  elaborate  report,  in  whioli  is  diseussod  nearly  eTer>' 
question  of  interest  in  conneetiun  with  the  desig^i  of  the  Providenee 
sewerage  system.  The  report  is  of  speeinl  iutert'st  and  value,  by 
reason  of  containing  the  lirst  thorough  analyms  of  tlie  relation  of 
maximum  rainfall  to  size  of  sowers  to  be  found  in  American  sanitary 
literiitiire.  In  this  partieuhtr,  Mr.  Shedd'a  report  of  1874  is  au  engi- 
neering classic,  and  has  been  the  model  upon  which  nearly  all  tlio 
Ajaeriean  sewerage  reports  since  made  have  been  based. 

Considerable  opposition,  however,  was  developed  aiuongthe  citizenB 
of  Pro^-idence  to  the  plana  for  sewerage  which  Mr.  Shedd  had  pro- 
pared,  and  in  order  to  get  an  authoritative  expression  of  opinion  from 
a  disinterested  source,  the  Mayor  of  Providence  requested  the  Board 
of  Directors  of  the  American  Society  of  Civil  Ens:ineers  to  desigTiate 
three  members  of  that  Society  to  make  au  examination  of  the  sewer- 
age system  adopted  by  the  advice  of  Mr.  Hhedd,  and  report  as  to  the 
sullicieiR-y  of  size,  kind  of  matci-ial,  division  of  districts,  etc.;  and  also 
to  recommend  any  changes  which  they  might  deem  requisite.  Gen, 
Geo.  S.  Greene,  Col.  Julius  W.  Adams,  and  E.  S.  Chesbrough  were 
designated  as  such  Comnnssion.  Their  report  approving  the  system 
designed  by  Mr.  SLedd  was  presented  under  date  of  Angust  7,  1S7C, 

In  regard  to  tlie  final  delivery  of  all  the  sewage  at  Field's  point, 
Messrs.  Greene,  Adama,  and  Chesbrongli  say: 

Tlie  project  of  ultimntelv  pnriying  all  ibc  sewoge  into  tbo  dppp-wnter  cnrrenl  al 
Field's  iMiint  is  jmiicions  mid  proper,  ami  Blioiild  lie  constftiilly  kept  iu  view  in  nil 
couwtnicitiona  of  iiiar(?iniil  or  outlet  sewevs,  and  in  plans  tor  riRlil-of-way  for  sewers 
loniliiip;  l.ownril  llint  i>nint.  It  is  prohiJilo  tlint,  lo  presprvc  rlii-  sanitwy  condition 
ot  tlie  waters  of  llie  Proviiipnfe  and  Seekonk  rivers,  it  will  lie  necessan."  lo  dis- 
clini'Bfi  tlio  sewage  ordinnrily  at  elili-lide,  mill  lo  liftve  a  ivservoir  near  tlio  ontlct  l<> 
cnnlile  iliin  to  be  doue.  The  projiei'ty  iif  llie  dt_y  on  Field's  point  contains  a  pi-opw 
Bite  foi'  sucli  works. 

Slmiild  Mie  sewase  ever  be  of  sufficient  vnlne  to  justify  the  use  of  it  for  iniffniinn, 
tins  point  will  be  the  posilion  from  whioh  it  can  be  most  pomIt  rnnteil  to  tlie  dry 
plninn  on  citber  side  of  the  I'awtiuct  river,  b;  pumping  it  to  a  Biifficieut  Iiciglil 
for  diatnbiitioD, 


The  considerable  increase  in  population,  together  with  »  corre- 
sponding  extension  of  the  luannfacturing  industries  of  Providence,  had 
led  to  such  relatively  rapid  increase  in  the  pollution  of  the  Proridence 
river  and  its  tributaries,  as  to  force  upon  the  city  authorities  the  qQ«fl- 
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tioii  uf  somi!  tlisposal  of  the  sewage  other  thau  by  lUlowinfr  it  to  \ta,na 
ilirettlj-  into  the  several  streams.  In  September,  1882,  thti  City  Coim- 
fil  tlirected  Samuel  M.  fiiay,  M.  Am.  Soo.  C,E.,  who  was  then  city 
engineer,  to  report  phtna  of  main  intercepting  sewers,  and  of  any 
other  work  necessaiy  for  uol letting',  tiomluctiug,  and  disposing  of  the 
Mewago  of  the  city,  in  accordance  with  the  best  ajiproved  methods,  at 
such  It  point  and  in  such  a  manner  as  would  l.iu  the  least  injnrious  to 
the  pulilie  health,  together  with  the  estimated  eost  thorcuf. 

Subsequently,  on  February  23, 1884,  the  City  Council  directed  Mr. 
Gray  and  hi.-;  assistant,  Chas.  H.  Swan,  M.  Am.  Soc.  C.E.,  to  proceed 
to  Kurope  to  investigate  the  various  phms  in  practical  operation  for 
the  disposal  and  ntilization  of  sewage,  together  with  all  matters  relat- 
ing thereto,  and  to  report  the  result  of  siich  investigations,  with  such 
reeommpndationa  with  reference  to  the  sewage  uf  the  city  as  might 
he  deemed  expedient. 

In  accordance  with  these  instructiou.s.  Messi's.  Gray  and  Swan  pro- 
ceeded to  Europe  and  inspected  the  sewerage  systems!  and  methods  of 
sewage  disposal  at  the  following  places  : 

The  pail  system  at  Birmingham  and  Manchester. 

The  Liemnr  pneumatic  system  at  Amsterdam. 

The  Berlier  system  at  Paris, 

The  Shone  system  at  Wrexham. 

The  combined  system  at  London,  Berlin,  Paris,  and  Frankfort-on-the 
Main. 

The  separate  system  at  Oxford,  and  also  at  Paris,  where  it  was  in  ex- 
perimental operation  to  a  limited  extent. 

Irrigation  farms  at  Bedford,  Berlin,  Breslau,  Croydon,  Dantzic,  Don- 
caster,  Edinlntrgh,  Leamington,  Milan,  Oxford,  Paris,  Warwick,  Wim- 
bledon, and  Wrexham. 

Precipitation  works  at  Aylesbury.  Birmingham,  Bradford,  Buniley, 
Coventry,  Hertford,  Leeds,  imd  Leyton.  Precipitation  works  in  pro- 
cess of  construction  were  also  inspected  at  Frankfort-on-the-Main, 

As  the  result  of  his  investigations,  Mr.  Gray  recommended : 


(1)  That  a  sjBtota  of  iiitPicepliiiR  «ewera  lie  coiupleted. 

(2)  That  tlio  Bjstein  of  iiil.eipe|jting  sewera  be  ao  designed  as  to  oonvey  the 
sewage  nf  tlie  oilv  to  Field's  poitit. 

(3)  Tliat  the  spwiiRe  lip  tientwl  nl.  FieliTu  point  bv  flipmienls  in  siioli  ninnner  OB  to 
prenipilftte  the  niatl>-jK  iu  siiK]i«>[iaion  and  to  Hnrifv  the  sewnKe. 

(4)  Tlint  the  ctai-ifieil  effluent  be  emptied  into  deep  water  at  Field's  ]toiDt> 

In  regard  to  precipitation,  Mr.  Gray  says: 

Mv  I'l'iMon  fur  I'ceoni mend i lie  Tireeipilnlion  is  llint  I  nni  ponlidenl  Hint  llie  Kewajje 
ran  he  ho  clnvified  lliat  tlie  effliii'iii  will  lie  enliivly  lini*iiilt«"  ivIiimi  eini>tipil  iiilii  (he 
riFer  at  Field's  I'oiiil,  iinil  tlie  luiiificiitiiiii  I'liii  lii-  h<'i-iiiii| dialled  a*  Inh»  p\]ipii>ip  llian 
bj  irrigatidD.     Although  sewage  is  nioie  folly  pmilled  lij  imgniion  tlinii  lij  pi-e- 
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cipitalion,  I  have  not  felt  junlifipil  in  reooiumoudiug  ila  iHlo|itioii,  (or,  from  careful 
aiicj  eiLtuitilei:!  Kurveyn,  I  am  coiivinceil  tlinl  llie  Invgp  uinoiint  of  suitnble  lanO  re- 
qniitil  for  iri-igalioD  cannot  l>e  iilitained  at  an;  i-eaooualjle  cdmC  williiii  leuBODatile 
diatitQce  of  lilt!  city. 

.  It  h  proposed  to  erect  pumping  worku.  Tlie  hcvu^ci  fi'onj  a  iiail  i)t  llt«^ 
in)(lith  wuril  ftiiii  from  most  o(  tlie  nintli  will  not  requiri;  jiuiniiiiiE.  I'liy  i>c«'R((<' 
fniiii  llio  reuiaiiider  of  the  eity  will  lie  lifte<l  iiljout  tweiity-eigliL  tect  iiilo  a  coiiitnjl, 
LliroiiH'i  "liifii  lliiN  sewiiKo.  logellitir  wilii  lliut  from  the  eighth  and  ninth  wardis, 
iil(i-iiiiy  icft'iicil  111,  will  Bow  til  till'  jin'('i]iilii(ioii  work*;. 

At  lliis  jiuiiil  ...  it  is  pnijiiiHi-d  to  ciiiiMtnict  tniika  alid  eli'cl  sitilablo  IidIIiI- 
iiigs  mill  woika  for  the  mixiiif;  of  cliwiiirBls  willi  III.?  m'wun''.  uiiil  fiir  llii.-  huiidlin;; 
iiE  thi;  sliiiige,  etc;.  Tho  isewagii,  aflor  ii>i'i-ivitj(;  the  iiiixtuiu  i>f  rhcniii'alH,  will  Hou 
iiiUi  ]uviu|iituliui)  taiikn,  ulicre  it  will  icLJiuiii  for  ii  nlmrt  liuje  to  oikime  the  ilpjiciut 
iiC  liluill,')^:  thi!  clunHed  eMnciit  will  flow  olTiuto  deep  water  at  [Le  jioint  as  »>liowii 
on  thu  phiii, 

I'lio  sliid<,'e  left  in  tho  bottoiii  of  the  tanks  will  tlii'U  pass  into  receirem,  from 
which  it  will  be  foi-ced  by  compiessed  aii-iuto  lillei*  prt'ssea. 

By  these  preases  the  sludj^e  ia  easily  compiesHcd  into  a  ]ioi'tftble  fonu. 
Tliiit  this  sliidde  ])03weFi«e5  Minis  vahie  as  a  fertilizer  there  i*  nii  donbt ;  it  i'emfun» 
to  be  proved  nhi-ther  thera  will  be  any  sale  for  it  in  this  viinnity.  Therefore,  for 
tbo  piirimieH  of  this  report,  I  assume  that  there  will  be  do  iminediata  income  from 
its  sale  as  a,  feHilizer. 


Before  (lefitHug  t!io  qiit-'.Htiaii  of  tlisoLiirf^ii  of  iTiide  sewage  iit  Field's 
point  iiersHs  precipitntioii  befmt  discharge,  cxtonsive  experiuients 
weiv  iiiude  with  fluiits,  iii  order  to  ascertiiin  wlint  pndmlile  iictioD  tlie 
tide  jiiitl  L'urveijtrt  would  liave  on  the  sewage.  In  legard  to  the  D-tuilts. 
Mr.  Oray  says: 

From  a  careful  study  of  Ihese  esperiments,  and  fnira  a  lonj;  anil  close  obawratioB 
of  the  caiiBes  of  the  pre.nent  |Hilliittou  of  tiie  covn,  the  Prinvidi-nce  river,  mid  il» 
tributaries,  I  am  of  the  opinion  that  if  the  crude  sewage  of  the  eily  lie  emptied  intu 
the  river  at  FieKl'a  ]>oint  it  will  inevitably  cause  a  iinis;iiii>e,  to  the  injnrv  not  only 
of  the  dwellera  within  the  city,  but  to  tlie  oceiipniils  of  niiiny  of  the  shore  resorln 
and  re.sidences  Vioideiing  oti  the  Providence  liver  and  NarmRnnHetl  bay,  nnd  "ill 
seiioii^ly  damage,  if  not  desti'oj,  many  of  the  valuable  oyster  lieds  which  now  line 
the  shores.  .......... 

.  .  .  A  veiy  iniiH)rtnnt  factor  in  llie  pollution  of  the  cove,  ns  well  ns  llie  Prov- 
idence river  and  its;  tribntai'ies,  i.s  the  liqnid  wastes  of  uianutaetnrii-s  emptied  into 
the  rivers.  There  are.  as  near  as  I  ean  estimate  from  the  bi'st  olilainable  data,  up- 
ward of  a, 735.000  gallons  of  filthy  lii]nid  «aHtt>a  emptied  daily  (Sundays  exeepleili 
into  the  Mashassnek  and  West  Viveis,  and  npwiuds  of  a,088,0(XI  RtiUnns  into  tht- 
Woonasqnntncket  river,  ninkinc  a  iolal  of  4.8^8,000  galloiis  of  filthy  liquids,  asid" 
from  townspivii^'e,  emptied  into  the  several  rivers  dm  ini;  twelve  or  fourteen  hours  mil 
of  tho  tweatv-four.  I  wish  to  eall  yonr  attention  em|ihiitieally  to  the  fuel  that  ho"- 
ever  thorotifilily  (he  town  sewagw  may  be  kept  fiolii  the  rivers,  if  these  foul  iiqoiiU 
from  mannfnclocies  aje  allowid  to  enter  the  strennis.  as  iil  ].rpseiit,  the  cove,  to- 
gether wilii  the  Providence  tiver  and  its  tribnlnriea,  will  eoulinuo  to  pieseul  nlienl 
the  same  liithy  nppparance  that  Ihcy  do  to-day.  It  is  only  by  krepini;  lUl  si-nuKc 
and  ftltby  liipiids  out  of  tlieso  watei-s.  or  by  chirifvinc  them  before  they  ar* jrier- 
mitted  t.>  enter,  and  by  tlioronRhly  clwnrinK  the  liver  beds  from  nil  dciK)sils  nt  flllli. 
that  we  may  look  for  im|irovement  in  the  condition  of  the  Pn)videiire  river  and  ili 
tributaries,  I  am  convinced  from  observations  obnmd  that  in  nome  casi^s  the  quan- 
tity of  liquid  wastes  now  emptied  into  the  rivers  from  niannfactorieH  miRht  bo  ma 
terially  reduced,  and  that  the  remainder  could  be  ao  elarilb'd  by  the  pi-oprietom  a* 
to  prevent  polluting  the  river,  and  (lossibly  result  in  some  instances  in  a  souree  nf 
income  to  tliem. 

In  designing  tbe  Btsea  of  thi"  ititflreepling  aewnrB,  I  have  thoni-ht  best  to  iimke 
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pi'oviaiuiiH  for  receiving  the  liqniU  niisleH  ut  tliese  luatiiifuotories.  It  is  an  iuipur* 
tan  t  q  lien  I  km  (or  vnnroimsiikjutiou  oii  wimt  eomlitioiis  it  may  be  advisable  to  admit 
tbL'su  li>jiii(]  wustea  iiilo  tliL-  h(.'\m'I's. 

Tbe  I'sliiiiiitiiil  iliiilv  tlry-wwitlifi'  flow  nl  tiiwu  suwiige  iii  Providence  at  tiie  [tivs- 
cnt  (line  ilHS4j  in  alioiit  3,IH)0,I)IHI  KalluiiH.  Tliis  is  buiwd  tin  riiintiil  and  exleiisiie 
tiaiigiiigs,  njitdo  at  dilterent  tiitius,  of  tbu  uiuuunt  of  auwage  tluwiiig  in  lUe  si^vi-i^ 
Hawere.  .  .  .  .....,, 

.  .  ,  II  will  be  neen  b;  litble  of  [;augiu^  tliut  tbe  (lewei-s  luiil  in  vet  lociiHlli-s 
furnisb  a  niueb  [greater  iiiiaiitity  n!  Hewn(,'i!  ]»?r  tnlialiitaiit  counecled,  tliau  do  tlip 
seners  laid  in  driei-  [mits  of  tlie  city.  T (lis  krui^r  quantity  of  sewiige  is  iliii'  in 
luoBt  Itii^iditins  to  spring  or  ground  wak*r,  ivbii-b  liiid.s  its  way  into  the  sewer.  Tiie 
great  value  to  tlie  gimeral  bealtli  of  tbc  coinniiinity  nf  tliua  diuiniug  %\ie  grouud  is 
too  a]>]>urent  to  need  t-oiiinielit. 

In  dtisi^-ning  tbe  iuterte]>tiiin  sewera,  liberal  provision  has  been  made  for  a  ]io['n- 
lation  of  3lll),tHK>  jnliabitanta  within  tbe  [ireaent  eitr  limits,  together  with  small 
dislricls  lying  outside  tlie  jireaout  limits,  wlioso  unly  outlet  will  be  ihroiifib  tint  oily. 

The  Proviileuce  sewers  are  eutirely  conatructeil  on  the  combined 
system. 

In  his  odgiiial  desi^ii  of  1871,  Mr.  Shedd  based  the  sizes  of  sewerti 
upon  an  estimated  maximum  amount  of  30^  L-ubic  feot  nf  niiufidl  per 
minute  per  acre  reaching'  tliem.  Tlie  reasons  for  adopting  this  tigrure 
are  pi'eaeute<l  in  ilftail  in  Mr.  Shedd'a  report  of  1S74, 

Mr.  Gray  states  in  his  report  of  1884  that  the  iutorcepting  sewers 
(exeeptiug  the  main  sewern  nf  thti  nintli  ward)  are  designed  to  carry 
^fijj  inch  of  water  per  hour  from  the  art.ia  drained,  together  with  the 
raaniifacturin^  wastes  and  60  giillous  of  sewage  per  iuhubitant,  in- 
I'indins  ground -water.  The  manufiicturiiig  waste  is  estimated  as  flow- 
ing off  in  ten  hunra,  while  one-balf  of  the  domestic  sewage  is  estimated 
to  flow  ofl^  in  seven  hours.  The  balance  of  the  flow  from  the  rainfall, 
when  in  excess  of  the  foregoing  idlowances,  is  to  be  disposed  of 
through  storm  overflows,  wliich  will  lUscUarge  the  excess  diii!ctly  into 
the  streams. 

In  the  ninth  ward  the  flatnesH  of  the  territory,  the  long  valleys,  and 
the  absence  of  streams  to  receive  the  ovei-flow,  reiidi'r  it  desirable  to 
provicle  for  more  sii r fa i^e- water  than  in  other  i)arts  of  the  city,  where 
overflows  can  be  easily  and  safely  made.  In  this  district,  therefore, 
provision  was  made  tor  two  inches  of  rainfall  per  boar,  in  a<1dition  to 
the  sewage. 

An  overflow  is  to  he  provided  for  the  ninth-ward  sewer  into  the 
cove,  near  the  proposed  pumping  station. 

The  estimated  cost  of  the  whole  work  recommended  by  Mr.  Gray 
waa  ♦3.fi39,.W4. 

In  regard  to  the  various  suggestions  for  disposing  of  the  sewage  of 
Providence  by  irrigation  and  otherwise.  Mr.  Gray  says : 

Esperience  indicates  that  the  nmount  of  land  rpquired  for  the  difpisal  nf  sewftEc 
bf  irrigation  in  about  one  acre  to  one  hnndi'cd  inlialiitants,  Tlie  {lopnlatlon  pro- 
vided for  in  the  projioBed  system  of  intercepting  aewerit  is  300,000,    The  amount  of 
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land  neceisarv  to  pi'oiierlj  dispose  of  the  aevngo  of  tliut  popatulion  wonld  be  about 
3,000, 

It  IiBS  been  enggested  to  take  ttie  aewage  to  Seekoiik  pluinH  for  iirigntioii.  Tlie 
great  exponse  of  coiivevirig  the  Bewage  across  the  Heekuuk  livoi'  aod  to  Ibis  laud, 
ti.>getlier  witli  tlje  fact  that  tlie  avuiluble  area  is  leaa  tliau  uoe  tlioDsaiid  acres, 
fi>i  bids  a  coiiaidt'ratioD  of  tlds  HcUeiue. 

It  liiLB  also  been  suggested  tlml  tim  sewage  be  (akeli  lo  Warwirk  plaioR  atxl  tijeil- 
lifted  tor  irriipiiiim.  Fiwrn  onteiisive  sarveys  of  lliis  ternlory,  I  am  satislied  iLal 
tUfi*  is  not  a  siillicii'iit  tpiaiility  of  suitable  land  in  tliat  locality  tor  the  future  utpds 
of  ilie  oitj.  Tlie  eslirimtt'd  cost  (or  nc>;iBtrucli«ii  in  act'ordaiioe  willi  tliis  suggested 
HolieiLio,  including  only  Hulficient  ijuuntity  of  land  for  ilie  present  nGed»,  in  il  116,- 
000  more  than  for  the  plan  nf  precipitulioti  herein  ri'i^onini ended.  The  annual  cosi 
of  piiiu]iiug  the  sewage  tti  Waiwiok  plains  wiiiihl  I*  iloulilo  Ilie  cost  of  the  pump- 
ing reipiirtid  iu  the  plau  recommended.  Coiiaideriiig  tho  addiliniiHl  eiinl,  and  in  view 
of  the  fact  that  theio  i»  not  a  siifllcient  quantity  oF  laud  at  \\'arn'iek  plaius  for  fu- 
ture Tweds.  I  deem  it  unnecessary  to  fmtiier  consider  tiiis  sclieme. 

By  combining  precipitation  with  irrigation  a  much  smaller  area  of  land  is  reqni- 
HJte,  and  should  it  hertafter  be  deemed  ndvisable  lo  adopt  some  system  of  irrigation, 
the  pLoposed  privipitation  woiks  will  forcn  a  uiokI  uaetnl  anxiliiiiy. 

Another  suggeslion  has  been  made,  which  is  to  lake  the  sewage  down  the  river  fu 
Conimiciit  j)oint,  and  there,  in  its  crude  slale,  discharge  it,  inio  the  bay.  I  e"ti- 
timato  that  the  earning  out  of  this  seheniu  wonld  coat  $1,1:^4,000  tnore  llian  Ibn 
plan  I  have  recommended.  The  annual  cost  of  pum])ing  to  Conimicnt  [loint  would 
r>B  nearly  double  the  cost  of  jnimping  in  accordance  with  the  plan  I'ecomtii ended . 
Moreover,  the  experiment*!  tnadeat  this  («)int  with  floats  show  that  thei-e  are  sttrjiig 
reasons  for  fuaring  that  erode  sewage  emptied  into  the  bay  at  Ihia  point  wontJ 
nreatfl  a  nuisauce  in  the  not  distant  futnre. 

Con  si  tier  able  opposition  havinff  developeil  Jimoup  the  citizens  of 
Providence  to  the  plau  of  iiiterceptinp  aewei-s  anil  sewnf^e  disposal,  as 
suggeBted  by  Mr,  Gray  iu  liin  report,  the  City  Council  again  requestf^l 
the  American  Society  of  Civil  Engineers  to  appoint  three  memhers  of 
the  society,  Bkillcd  iu  sajiitary  engineering,  to  visit  Providence  and 
examine  Mr.  Gray's  plan  for  a  sewerage  system  aud  for  sewage  dw- 
posal  works,  aud  to  report  to  the  City  Council  their  opinion  an  to 
whether  the  said  plans  were  the  best  and  moat  economical  which  conld 
beadoptedforthecollection  and  disposal  of  the  wewageof  the  city;  aud, 
if  not,  to  recommend  auy  chnuges  which  they  might  deem  advisable, 

In  accordance  with  this  resolution,  tlie  Preaideut  of  the  American  So- 
ciety of  Civil  Engineers  api)ointed  Messrs.  Joseph  P.  Davis,  lludnlpli 
Hering  and  Eobt.  Moore,  Members  of  the  Society,  as  a  CoraraisHioti 
for  this  purpose.  These  gentlemen  visited  Providence,  examined  Mr. 
Gra.VH  plans,  profiles,  estimates,  and  computations,  and  submitted  their 
report  under  date  of  December  21, 1886. 

After  defining  the  various  practicable  methods  of  sewage  disposal, 
the  Commissioners  say : 

Wo  may  now  pi-oceed  to  a  consideration  of  the  wveral  plans  which  have  bean 
propopted  for  dealing  with  the  sew^e  of  the  city  of  Providence,     Tbese  are  : 

1.  Di.^ipnsai  at  Scekonk  plains  ; 

2,  Crude  disposal  at  Fipld's  jKiint; 

3,  Di'ipoial  at  Warwick  plamn; 

4.  Prpcipiiatimi  at  Fipld's  (wdnl ; 

each  of  which  we  wiii  consider  in  tlie  ordar  nuned. 
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I.       DlSFOaAJ.    AT   3BEEOKK   PLAUJS. 


In  consideriiig  tbe  ncheiue  foi'  disponing  of  llie  aewage  at  Seekook  jil&ins,  (ot 
'hicli  Mr,  Grav,  in  liis  report  of  Februai'v  2,  168B.  luia  aiibmitted  uii  eslimate,  the 
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wliicli  Mr,  Gray,  in  liis  report  of  February  2,  168B.  luia  submitted  an  eslimate,  the 
fuot  lit  onoe  njipoui'A  that  U  broad  irrigation  be  adopted,  the  amount  of  land  avail- 
able for  tliia  piii'pose  (being  less  than  1,'2U0  acres)  is  barely  Niflieient  for  present 
reqiiiremenlH,  and  leaves  no  margin  whatuver  for  the  future  needs  of  the  city.  In- 
termil.liml  iMtratioii.  for  which  the  land  is  fairly  anitable,  la  the  ooty  method  of  dis- 
ponal  which  should  be  seriously  considered  at  thia  point.  We  Und,  however,  that 
mncli  ch'-aiier  land,  of  ecpially  good  or  better  quality  for  this  purpose,  exists  at 
Wai'wicU  jilaiiis,  a  point  more  remote  from  the  centre  of  iwpnlation,  and  where,  be- 
cause of  this  reiiioti^neHs  from  habitation,  carelessness  in  the  management  of  tlie 
process  will  cause  tnuch  less  annoyance  than  at  Heekonk  plains.  These  and  other 
considerations  of  minor  impoitanee  make  it  evident  that  the  ajvajilagos  for  dispo- 
sal of  the  sewage  nu  the  land  are  miicli  gi'eater  at  Warwick  plains  than  at  Seekonfa 
plain)<  ;  and  we  think  it  is,  therefore,  useless  to  enter  into  any  detailed  discusaioD 
of  plans  for  the  latter  place. 


H.      ORITDB    DISPOSAL    AT    FTELD's    POINT. 

The  discharge  of  the  sewage  in  its  crude  state  at  Field's  point,  atthongh  involv- 
ing works  of  aomewhat,  Rreater  first  cost  than  are  required  for  precipitation,  is  yet, 
on  account  of  its  smaller  current  expeusen,  by  fur  ihe  clieBp<>st  of  all  the  modes 
which  have  been  proposed  tor  disposing  of  the  sewa-je  of  the  city.  We  nnjel-sland, 
however,  that  the  sentiment  of  the  citizods  of  Provideiife  is  much  opjiosed  to  this 
method  of  disposal.  Nor  is  this  surprising.  The  shores  in  this  vicinity  are  used 
for  BUinmer  residences  and  a-s  jileasure  resorts  ;  bathing  beacbet  are  near  at  band, 
and  durin;;  Ihe  summer  and  fall  moutlis  these  Wiitera  are  niueh  frequented  by  ex- 
rursion  ]iarties,  attrttftud  by  the  cool  breezes  of  the  bay  and  the  bean ty  of  its 
shores.  Extensive  oyster  beds  exist  in  this  vicinity,  and  the  fishitiK  interests  are 
sBJd  to  l>e  of  some  impoitanee.  The  float  experiments  made  by  Mr.  Gray  show  that 
the  strong  and  well-detineil  outward  tidal  current,  which  i<  found  opposite  Fiehl's 
point  shortly  after  the  ebb  tide  sets  in,  begii)s  below  tliis  [loint  ti  diminish  in 
force  and  liecome  ditTnsed.  The  direction  of  tlie  surface  currents  is  greatly  in- 
fluenced by  tlie  wind,  hut,  a.i  a  lule.  matter  discharged  at  tlie  Point  during  the 
hour  and  u  half  after  high  tide,  would  meet  tht!  ineoniing  tide  before  reai-hing 
Onspee  |H>inl,  and  woald  be  carried  backward  a  consicierable  distance  toward  its 
place  of  starting,  unless  nooner  grounded  on  one  of  the  shores,  Willi  u  westerly 
wind,  the  tendency  is  to  strand  on  the  east  slioi'e.  and  prohalily  the  balliiiig  benehea 
on  that  shore,  between  Squautuin  and  Habine's  point,  and  even  below,  would  be 
ninch  iiijureil. 

Considering  all  the  interests  at  stake  in  preserving  the  bay  and  its  shores  from 
even  the  apprehension  of  nuisance — interes's  et  a  kind  which  relate  to  the  heallU 
and  pleasure  of  the  people,  and  cannot,  therefore,  bo  measured  in  money  values — 
we  are  of  the  opinion  that  the  iilaii  of  cnide  disposal  at  Field's  point,  by  which 
these  interests  might  be  jeopardized,  is  inadmissible. 


m.      DIHI-OHAt,    AT   WAUWIOK   PI^AINB. 

At  Worwiok  plains  are  found  about  2,200  acres  of  land  available  for  irrigation. 
The  soil  is  of  gond  character  for  this  purpose,  and  llie  sitnalion  is  in  many  r>-- 
spects  favorable.  But  hioking  to  the  future,  when  the  city  of  Piovideuce  shall  have 
u  population  of  .lOO.OtW,  this  is  not  sufficient  land  to  disjHise  of  the  sewage  iu  a 
satisfactory  manner  by  broarl  irrigation.  On  this  account,  and  also  because  we  find 
disposal  by  intermitlciit  flilration  to  be  the  cheaper  and,  all  things  oonsidored,  Ihe 
better  method,  we  have  made  an  estimate  of  the  cost  of  a  scheme  for  this  niethod 
of  disposal,  and  ahall  use  it,  rather  than  the  estimate  for  broad  irrigation  given  in 
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Mr,  Gray's  [•<>j)ort,  for  purpoBCK  of  comi>ariB<)ii  with  the  scheme  of  ptecijiitaliott  wt 
Field's  jioint. 

Id  Itmkilicr  this  esliiunte.  we  have  assiiiued  that  1,000  ucreH  of  iniid  will  be  \nii' 
cliusi'd  at  oLict,  not  onIv  to  allow  for  tlii>  fntuie  ueciiti  nf  the  oitv,  wlwu  the  luiiil 
mar  be  much  moru  iliffienlC  to  ac(]iiii'e,  but  aluo  to  nfforU  in  the  tii^t  iustuuce 
gieaier  Istitiite  in  the  niniiagemeut  of  tlie  fm'm.  Filter  lie(l»  lire  well  Atla|)tei]  Id  ■ 
vuiiety  oE  (.toiis,  (lartic-ukily  to  thosii  of  miukpt-Rai'ileiiiug,  Bnl,  li-  oittujl  ul  thu 
grffttpsf  pnssililo  use  fioiii  (inch  I'liltivntioii.  it  is  nilvautujifoiis  li>  operate  iu  eonnpc- 
tioii  therewith  a  stock  or  rlairy  fanii.  The  crojra  fi'oiii  the  tiller  beila  mnv,  bv  tliin 
means,  be  partiallv  utilizcil  iii>riij  the  farm  with  bettor  results  lliau  from  ilirect'sfclea 
ill  thi>  market.  This  siu'|)lii»  laud  luay  t>o  fertilized  br  bi'oiid  ii'iigalioa  if  fouDil 
ftdvisnble,  but  in  our  estimates  we  have  tuailc  no  allowaiiee  for  proiMtriiig  jt  for  tliia 
|iiinmBe.  either  by  uiiderdmiiiaKe  or  by  K'Tiling  the  surface. 

Mr.  Gniy's  estimates,  both  for  iirainpitalimi  and  for  irrifration,  are  based  ujiou 
ciirinK  f"r  a  dry-wealher  flow  of  0,l)l)0,<M)l)  gallons  of  s^vmgf  daily,  including  about 
3,CMlil,IMKt  gallons  of  msnufactHiiuH  waste  ;  that  is  lo  say,  while  tlie  inteivepting 
sewew  ami  other  [larls  ot  the  work,  which  <Bnnot  be  enlarged  except  ut  ^reiit  coot 
and  incouvenience,  are  made  of  eajiacilv  anJIii'ii'nt  for  a  jiopulatlou  of  3<K).U()(I,  or  a 
djy-wealher  flow  of  sen-n[;e  of,  any,  24.(lfin,0fHt  galloua  daily,  thoM'  jiarls  of  thi- 
works  which  are  intended  for  the  Ireatment  of  the  t;ettnKe,  oiid  nhieh  cnii  family  be 
exlejidfd  fiom  lime  to  time  aa  required,  are  pro|ioi*tioiied  to  a  drv-wealher  llow  of 
O.DIHl.fKm  gallons. 

In  our  esliniate  of  the  cowt  of  filtiittioii,  we  hRve  ashiimed  the  winie  bosis  of  sew- 
ago  flow,  and  havi',  as  far  as  jMiBnible,  adopted  the  satuewoale  of  prices  us  Mr.  nrny. 
which,  as  before  stated,  we  consider  libeial  and  safe.  For  the  cost  of  the  Hlxde 
system  of  iutereepting  .sewers,  wliii-h  i.s  the  same  in  this  as  in  the  pveeipilalioli 
Hclieme,  «p  have  taken  Mr,  Gniy's  figures  with<uit  ehaiipe,  viz.,  S-.1!*I>,H'3,00, 
Wo  have  tnjljier  ii>-siinied  tlinf,  as  un  avemge  through  the  year,  ewh  acre  of  laiii). 
when  (ii'operly  prfputed  by  underdruinage  ami  ciiiding,  nil!  diK|iDse  of  45,0IHJ  gnl- 
lons  daily,  this  being  abnul  Ihe  siinie  aa  th"-  Kliiilish  bu-sis  iif  l.(HK)  people  \Kr  Here, 

U|ion  t,he-ie  as«utii|itioii-.  wc  tind  the  total  cost  nf  the  M-lnnie  for  inlei-uiillml 
filtration  at  Warwick  ]>lains,  inrbiding  the  purchase  of  I.IKHI  arjes  of  liind  ulid  iLe 
special  jirejiaralion  of -JdO  ai-res  for  use  us  filter  beds,  to  he  !M,mtl,(H)(t.  Sliidgi^ 
tanks  are  pinvided  at  llie  tsnu  lo  remoie  frotn  Ihe  sewasc,  by  .simple  sedinieiita- 
tios  without  tho  use  of  elii'inieals,  the  solid  and  slimy  matters  nhieli  wonh1  teiij 
to  clog  the  pires  nf  the  soil,  such  n'mnvid  lieini;.  iu  lln'  oiiinion  of  the  best  jnduua. 
necessaiy  to  wenro  Ihe  besl  working  of  the  «y?,i<.ni  of  inleriuitfeiit  Hlliatioii  wlii'r« 
BO  lar-ie  a  ipiaiilily  is  put  oti  the  land  h~  is  proptsid  in  Ihe  jiresenl  inslaiiee.  • 

The  yearly  oont  of  operating,  ineliidinir  ti'e  e\pe!i.sc  of  luinipint'  >he  ten  age  and 
Ihe  eai-e  of  the  sluilge,  we  estimate  at  SliH.Oftfl  jh  r  yeiir.  The  6iib»ei|Hrnt  eosi  ut 
distiihuting  Ihe  sewage  over  Hie  land  and  the  rave  of  ihr  filler  beds,  as  well  aa  Ilia 
cost  of  mnniicenu-nt  and  opemlion  of  the  farm,  we  oBsnine  will  be  repaid  bj  the 
side  of  the  pinducls. 

As  to  the  expectation  of  profit  fioin  the  application  of  sewage  lo  Ihp  land,  our 
opi-iion  is  decidedly  adveree  Iriigalion  in  dry  elimates,  or  even  in  moist  rli- 
maies  if  the  water  lie  applied  only  at  sueii  limes  and  in  such  (|uantilie8  as  ni« 
needed,  is  a  most  valuable  aid  to  ftcrieultui-e  ;  but  where  the  water  eoines.  auU 
nuist  be  cared  for  night  aud  day,  and  every  day  i[i  the  year,  and  in  luigi.'st  (jtiauti- 
ties  in  rainy  weather  when  it  is  needed  IkisI,  Ihe  cane  is  very  dilTernit.  It 
then  becomes  more  of  a  hiiidranee  than  a  help.  And  whilst  there  are  in  England 
a  number  of  towns,  mostly  of  small  size,  where  selvage  farming  on  Ihe  pioecss  of 
iiili'iioittent  fdlraiioii  has  resulted  in  a  profit,  yet  in  the  case  of  Providence,  wlicrv 
the  climate  forbids  the  production  of  any  crops  (or  nearly  half  the  year,  and  olirre 
no  experience  ha.1  been  gained  in  such  funning,  we  think  onrasBiiinptiun  IhftL  the 
cost  of  distributing  the  sewage  and  the  management  ot  Ihe  (arm  will  be  retruvemit 
fiimi  the  sale  of  its  products,  is  as  favorable  as  it  is  safe  to  mnke. 

*  See  S«nnd  Report  o(  Raval  CommiMianeri  an  Mectopolikui  ^wige  Disuhuee.  ISM  ; 
tit.,  tlviii.     AW  B«iley-Dcnti<u'>  Ten  Ybu*'  ExperiCDee.  (to.,  etc.     Seconil  Bditian, 
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IV.    PRECIPITATION    AT  FIBI.D  S   POINT. 

In  this  Huheiue  it  is  iiropcised  to  puui{i  tlie  newago  From  tli<>  main  iiitercopting 
ni'wer  intn  tanks  located  al  Fields  |iniiit,  nlioro  i'  will  1'p  freHleil  clteink'ally. 
Tlie  rlaritipd  eftliii'iit  will  lii'  ciniiliictcit.  Iiy  i>i*^aus  iif  an  onlli't  sewm',  to  a  point 
niidniiy  Iii4live<eii  iUl-  kLiu'o  nud  Fiilloi's  lork  li^lit,  nLeic  it  will  Iil-  discliaigeil  at 
tliii  Iwltom  of  llie  cliaiiJiel  in  sm-li  nmliifl' ;n  to  Hecilii' llm  tilumst  [mssible  iliffil- 
siou.  This  i«  tilt'  Hchi'Hie  recum mended  liy  Me,  iJmy,  and  (or  iviiit'li  Iip  Iihs  given 
Hii  estimate  ot  i-ont  in  liiii  ivpoi  I  ol  Niiveiiilu'i'  14,  18S4. 

We  liave  ruiide  a  new  estiinutu  of  Iliose  [mrls  of  llie  woik  wliioli  uiu  intended  fur 
tlie  raisinjt,  sloiiiif;,  and  treatment  (it  the  sewage,  but  B.S  it  given  a  resnlt  not  differ- 
,'  niaieriailv  fnim  Mi-.  Grav's  estimate,  wf  adopt  UiH  figures,  wliidi  show  the  tfltal 

It  ot  thu  in-ecipitaliou  acliem*-  to  be  f3,(lffil,.'i(14,  or,  say,  S3,700.UfXI. 

Ah  to  llie  yearly  cost  of  treatment,  il  is  hardly  imasible  to  (jive  exact  flglives, 
owiiiR  piii'lly  to  the  want  of  es]wiience  In  such  worli  in  this  coimtiy,  and  purliy  to 
a  wiinl  iif  certainty  as  to  lUo  Blandurd  ot  puiily  in  the  effluent  that  will  \m  reiiiiirpd 
Ht  difl'erent  seasons  of  tho  year.  AVu  have,  liowevor.  estimated  the  ciwt  of  thor- 
oufih  livatment  throuphont  the  year  of  a  sewage  of  uveiuge  qnality,  believing  that 
ill  praclict'  it  will  be  found  that  a  unich  less  ipiantily  of  elieiuicals  will  be  reijiiired 
in  the  colder  months  than  we  liave  provided. 

Tile  yeui'ly  ooKt  of  pninjiiiig  and  treating  the  sewage,  when  the  <liy-weather  flow 
«)iiill  have  reached  H,IH)t),tHH}  gallons  per  day,  we  estimate  at  865, mHl ;  believing, 
rliowever,  that  in  pi'octieQ  this  may  be  i*edneeii  to  $53,000. 


I 
I 


I  COUPABIBU.V    OF   TUB   BCKBltB   OP    INTBRMITTENT  FILTRATION    AT    WARWICK    FIiAINB    Wmt 
THAT   OP  OHBMirAI>   PKETIPITATIOK    AT    FIELD'S   PODiT. 

It  rerauiiis  now  to  weigh  the  comiiaiulivp  meritu  of  liie  two  latter  ,>"chenies,  as  in 
our  judRuii'iit  it  is  bi-tweoa  these  two  ihiit  the  clioico  must  lie. 

.\nd.  first  of  all,  to  what  extent  will  these  Iwo  sciiemes  accoinpli.sh  the  end  for 
wliii'b  Ihey  were  desiKned.  and  free  1  ho  cily  tioni  sewase  iiuisaiice  '!  For  any  plan 
which  does  not  accomplish  tbin  sbonlil  be  at  once  dismissm)  from  eoniiiderutton. 

Ill  answer  to  this  inquiry,  our  opinion  is  clear  that  anccoss  may  lie  attained  by 
either  sella  me. 

Thai  sewage  may  be  r>ffectnally  disposed  <•(  hy  inteiniittenl.  filtration  .hiea  not 
now  nilniit.  of  any  doubt.  Since  this  method  of  disposal  was  lir.sl  jnoposeii  by  Dr. 
Pninkl.ind  in  iSTO,  it  has  been  liied  in  a  lai'Re  number  of  towns  in  Knglond,  and  in 
II  few  lusl.anceB  in  this  country — the  priiiL-ipul  one  bein;.;  at  the  town  of  rulluiau, 
lllinoiu.  In  all  cases  except  «liere  the  essenliul  reqi[i)enienls  of  fh(>  ]noces«  have 
lieeii  grossly  viohiti'd.  its  suci'ess  in  prodiii.'inf;  an  effluent  clear,  coloi  le-s.  and  free 
from  all  noxious  or  putr-'-^eible  uiatters  hax  been  complelp.     .     .     . 

As  re)t;iiid>>  the  particular  I'nse  in  hand,  we  lind  the  land  at  ^^'aiwick  plains  lo  Iw 
of  0  kind  well  suited  for  filtration,  being  very  largely  sanil  and  gravel  with  n  cov- 
erini!  of  lif;lit  soil,  so  that  we  have  no  ilonht  that,  if  juopei-  rare  were  taken  in  the 
matter  of  nn.Ienlrainat;e  and  irrading  the  surface,  and  the  sewage  np]>lied  with 
proper  intervals  of  rest,  it  would  be  tlmi'onghly  purified,  and  Iho  city  treed  from 
the  nuisance  under  which  it  now  Bufiers. 

Turning  now  to  the  scheme  for  chemical  preci]iitation  nt  Field's  jioint,  we  think 
that  this  method  will  also  deal  effectually  with  the  sewage,  and  atibrd  a  satisfactory 
solution  ot  the  present  problem.  Precipitation  processi  >■■  ''ave  been  in  o]ieralion 
in  Englnnil  for  the  last  thirty  years,  and  the  experience  tliei'e  gained  is  more  than 
that  ot  idl  the  world  besides.  A  committee  nppoinled  i"  IW<0  bv  the  city  of  Olns- 
gow  to  investigate  the  Kubject  ot  sewage  disposal, ■*  sit  .■  v"  in  their  report  tlio 
K8UltH  of  ex|iei-ieiice  bearing  u]Hm  thin  point  as  follows 

There  ai-e  pnicessi-B  of  jirecipitation  now  in  oiieitUion,  which  give  an  pfBuent 
1b  ot  beini;  ilischaiged  into  a  i-jver  with  perfect  inoffensiveneas  and  without 

insilily  deHtCoving  il>-  purity,  provided  alwny.s  that  the  volume  of  sewage  is  kniall 

*  Mm  Report  Rnyjil  OommiMHioii  oa  TdfltropoUtan  Sewo^  Dinolutri^e,  pa^i-^  x  -iv..  iia:'A:74|jli  ttK^ 
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ootnpared  with  tiint  of  tlie  rirer.  ....  'Wlwtever  bp  tli«  pmeess  ot  cLeniinJ 
puriti cation  to  nliiL-li  tLe  sewage  is  Hiibjecteil,  tliu  pSIuoiit  is  slill  iiupnip,  and  will 
putrefy  and  give  olT  noxious  gaa  if  kept  for  some  lime  ;  nnil  ne  know  of  no  war  iu  J 
whicli  tlie  piirificatinu  ean  be  cuiupletPil  lint  liy  oxiJiitiuD.  I'iitmtiou  ItirouKli' 
t'ullivateii  land,  i.e.,  iiuigatiou,  is  piolialily  llie  lient  means,  Bnt  uxiilatinn  of  tljc 
effluent  may  iu  most  caaes  \)e  effected  l>v  ilie  bimple  nnd  imliiml  puicess  of  ruu- 
niiig  it  into  tlie  nonrest  watL'i'-einit»e,  \vlii?[i,  if  llie  pi'U|Kj|'liuri  of  clean  walt.-r  Ih^ 
siifficieiit,  tlie  organic  niuttei'  tiiit  Lie  gni<liiiilly  oxidiitej.  ami  llie  (^fflneui  wali>i 
will  not  become  putiid  or  ofl'ensive  in  any  way,  evi-n  iu  Wiirni  «<'ulbei-,'' 

Tlie  faet  aeeuiK  to  be  that  the  uuisimeo  ofhewiige  iaalmoft  wlmjly  dne  to  tbpsiin- 
peuded  matter.  If  this  he  taken  out  by  the  procena  of  preeipitHlinn,  dilutiou  wtili 
a  suflieient  i[UQiility  of  wiiler,  naiially  Htateil  to  be  twenty  times  the  Tolnnie  of  tin- 
sewage,  is  nli  that  is  needed  to  insure  the  complete  detlruelioii  of  the  orgnnio  tiiiil- 
teiu  whitdi  n^nmin.  In  tlio  jircsent  instBiH't',  tlm  lar^e  volunn'  of  water  whith 
pHsees  Field's  jHtint  is  amply  suHieient  to  didnse  and  oxidi/e  willioiit  offence  moiiT 
limes  the  quantity  of  elarified  sewage  which  will  ever  Ik;  ponied  into  it. 

Vo  have  nil  iJoiibt,  tlien-fove,  iLat  a  prwipitution  pniress  at  this  point,  prnjierly 
woiked,  will  so  effectually  dis£Hiae  (if  the  sinvago  llmt  it  wiUeunne  no  fnrlliei' trouble. 

In  eiitiniing  for  these  two  schemes  that  they  will  effeel.ually  di'ipone  ot  the  •*»- 
age,  we  do  not  mean  lo  say  thai  there  will  not,  at  timeti,  he  unpleasant  smelh  iu 
the  iinuifdiate  neighborhood  ot  the  works.  The  puiiipiiig  station,  Kcieening  cliani- 
ber.  and  tlie  jireeipitation  tanks,  an  well  an  the  sludge  laiik>-  of  the  IlitVBtion  Rchemu 
at  Warwick  ]ilain»,  will,  under  cerliiin  atmospheiie  conditions,  not  be  fiee  from 
ohjocliiinable  odors.  Witli  gowl  management  there  sliouhl  oidinaiily  be  no  smHl 
noticeabla  outside  the  works,  and  even  at  the  worst  the  trouble  will  be  atiicllv 
lor4tl.  In  no  ca-se  will  there  be  anything  detrimeiilul  to  the  public  health,  uui  any- 
thing that  ciui  be  projierly  called  a  nuisance. 

Both  scliemes,  then,  being  satiafnetoi'y  solutions  of  tho  problem  in  haiiil,  iind 
as  snch  substantially  equal,  we  must  conipoi'e  them  neit  from  the  Unaucinl  [Hiiiit 
of  view. 

As  we  have  already  stated,  the  first  cost  of  the  tillratiou  ^eheme  will  be  54.C21I.- 
OtK),  whilst  I  ho  cost  of  the  precipitation  sehcnic  is  lr;i,7IX)|00(l.  showing  a  diffeivnce 
in  favor  of  the  latter  of  SiliiO.OlH). 

This,  ho«ever,  is  not  cimehisire.  The  question  ot  nnmial  coat  mnst  also  Iw 
taken  into  account. 

This  Ih  tiiadc  np  of  three  elements :  Interest  upon  thetii'st  cost,  ojieraliug  exjienset, 
and  repnirs.  including  in  the  lattei-  the  cost  of  maintainina;  and.  when  necessary. 
completely  renewing  such  parts  of  the  works  as  aip  of  a  perishable  natnie,  Siini- 
niug  the  lirst  two  of  these  elements  for  each  scheme,  we  get  the  following  : 

For  the  flltratiou  scheme  : 

Interest  npon  S4,G20,«I0  at  3i  percent $l(U.T(l|i  >"i 

OperaliDg  cxpenites,  including  pumping  and  care  of  nludgc S8,0()0  W 

Total *189,700  im 

For  the  precipitntiou  scheme  : 

Interest  upon  ?3,7(>O,(«O0  at  3*  per  cent Sl^J.^iiHi  («i 

Operating  ex|>enBBa,  including  pumping  and  cost  of  preciiiilation (i5,0tNJ  <Mi 

Total SIM,l»0  0" 

The  third  element  ot  the  annual  (Siienscn— lo  «il,  tho  repairs  and  irnvuaU  »f 
periahabji-  parts — haixlly  lulmils  of  a  satisfnctoi y  estininte.  It  is  evident,  howcTur, 
that  when  we  ronBi<lcr  the  ninidi  greater  cost  of  the  machinery  rcqniixHl  to  piinip 
to  the  itevvage  farm,  the  larger  aiiionnl  of  iron  MibmiKed  lo  1  he  action  of  se»agr,  aJiil 
the  liability  lo  demuKement  iu  a  eniiiplical>  d  syntem  of  tile  dniinitge,  that  tLi> 
item  of  .-xpenae  will  be  the  greater  for  the  filtnition  scheme.  And  when  we  con- 
sider fnither  that  the  cost  of  Iri'ating  the  Ki'\vu;ie  i"  likely  to  be  consideinbly  (r 
duced  below  the  cost  given  in  the  pi'ccediug  estimate,  it  hcems  quite  errlatn  Ibal 
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ill  ilii-  timl.tsr  of  auiioal  iiDst,  an  well  ta  iii  llrst  cost,  Ilie  balaiii'e  will  lie  in  favor  of 

preci])itiktion, 

Aiiiittier  (-■oTiNidi^iiitioii  ttiiiljfii!,  iiM  we  think,  to  iiwlini!  tlie  suale  in  tho  same  di- 
ri'ulion,  is  tiie  giwiU'r  i;im]ilit'ity  of  tlm  iiiiranizalioii  nccpsNiiij  to  purry  on  preoipi- 
liilioii  an  voni\>att:d  with  liltiiiliun. 

TliP  kind  anil  i|itimtily  of  cliomiralM  itujuiifil  tn  (irmliu-i'  a  satisffltU>ry  efflueul 
liiiviiit!  been  iilicu  ili'turmiueil  liy  lliu  u^pL-nnuui'  n!  tlie  Urst  ti^w  uiontlis,  tliiiiiig 
wliii'li  tjino  tlii^  gitale-it  pale  itiiil  skill  will  lie  well  I'owai'dei),  the  procesN  nftej'wuid 
will  lie  mainly  a  matlei-  at  riiuliiie,  Thi«  will  bii  i-wpiii'iiilly  true  at  I'rovidonee, 
wliHre  tin"  eftlnmit  will  he  diMchaj'p.'d  inti>  u  liirgi'  liody  uf  immnii:  water,  whi'ii-bj" 
it  will  bi>  at  oiieo  greatly  dilntt^d  uiid  dispei'sci).  In  diKi.> harming  into  small  fresh- 
water streams,  where  the  diliilion  is  snmll,  tlie  chnracli.'r  ri[  thi'  effluent  haa  to  I>b 
much  more  Oiircliilly  wnlohed,  mid,  if  eiMiiioiiiy  '"'  studied,  Uie  treolmcnt  varied  uh 
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the  oliuractet  of  llie  sewage  varies  from  the  day  to  tiie  iiiglit  hours  and  from  season 
to  season.  But  uiider  tho  c-ouilitions  existing  at  Providence,  after  the  kimU  and 
ijnantities  of  cliemicala  be^-t  siiiti'il  to  the  local  conditions  have  been  mice  detwr- 
miiied  and  thi'  best  raetiiods  of  manijinlalion  established,  the  works  will  need  for 
their  siiceessful  m:inai{i'iiicnt  only  a  «mtill  foroe  of  laboferH  nndor  the  ciliarge  of  9, 
fiilthfill  and  intelliifunt  foreman. 

The  process  i>f  intfrmittent  liltration  is  also  in  itself,  and  if  nEithins;  hit  the  pti' 

Ililication  of  the  Beware  be  aimed  ut,  one  of  routine  and  simplicity  ;  but  when  carried 
on  In  connection  with  farming  and  market  gardening,  it  is  no  longer  a  simple  me- 
clmniciil  proees!!,  but  a  bnsiiiess  venture,  which  requires  for  its  suei'ess  IIic  employ- 
ment and  dismissal  of  many  men,  (he  handling  of  considerable  sumn  of  nionej,  and 
the  constant  esoi-eisii  of  a  fikill  and  foresight  of  no  mean  order. 

On  this  Biibjeet  Mr.  Baitey'Denton,  who  is  one  of  the  warmest  advocates  of  the 
ftpplieation  of  sewitge  to  land,  and  who  has  done  more  than  all  others  together  to 
develop  and  brin);  into  uae  tho  process  of  intermittent  Hltralion,  remarks  : 

"  Tliat  a  sewage  farmer,  to  'jaalify  liirnself  for  suceess,  must  serve  a  special  aji- 
Lprentioeship  to  the  occu|jatiou.     Moreover,  it  has  been  made  clear  tlmt  an  ordinary 
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hrmer  is  no  better  qualiScJ  to  ileal  witli  sewage,  without  kiicU  ni'pi'eiiliooittiip,  tliftD 
agBi'dener;  for  not  only  h  it  iieceKsary  to  know  nbut  grastseB  auil  veeetiiMcH  fun 
be  best  treated  wilh  Kuwage,  and  to  reflate  the  frequency  of  u]i[ili>.iili<'ii  nini  lh« 
quantity  of  liquid  to  gain  tlie  best  remiii.  but  it  is  absolutely  L-ast-ntial  that  Jif 
alioiild  be  able  to  effect  rlie  bi.'st  uiul  I'eailiest  sale  of  liia  ei'U|is  wLeu  fil.  for  niaikel, 
and  no  couduct  iiia  ii|ioiutiims  witU  ri^feruuce  to  tho  demands  of  local  markets,  luiil 
of  such  other  markets  us  he  cau  teach,  as  will  eoiiduce  to  the  growth  of  only  stii-h 
crop*  as  he  cun  most  readily  sell.  Bv  this  means  lie  mill  lediiiie  to  a  miniuinm 
tlio  loasoH  ineideiitui  to  all  (ood  production;  for  it  is  quite  certain  thai,  in  tLt- 
long  run,  tho  luau  ir/io  svllx  the  mosl  tit  the  ri;//il  mimienl,  unit  <ilii>  niina  til  oai- 
verliHy  into  milk  or  mail   what  he   vamiol  seU,  is   the  jMi'soa  who  will  make  the 
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Pro.  65. — Skctions  oy  OiTt-ET  Sewkb,  Phovidekck,  Bbode  Isuun*. 

monl  money.  To  do  tbis  it  in  abtnlntely  rei]iitKJte  lliat  eretj  aewnira  farm  shouU 
bave  npon  it  Kuflieient  Iniihlincn  |o  hon.^e  a  ]ii-'ii>t>r  nnnber  of  tuUch  cows  and 
pigR,  til  consume  a  portion  of  each  leoiton's  produce. 

"It  is  osseiilial,  in  fact,  Ihul  n  teniint  of  a  sewngp  fftrm  shonlii  conibine  in  lito 
own  caimliilities  the  prarljcnl  qualities  of  a  fanner,  a  Kanlener,  and  a  luavket  snW-  ■ 
man,  which  will  induce  liim  lo  avoid  id  I  In-nlineiit  of  u  tlilHl'iflf  chamcler.  and  luA 
him  to  embrace  in  bis  nianaKcmenl  the  (riowth  o(  uncb  erojis  only  ok  nil!  keep  him 
moat  favomlde  before  Ibe  loarkei.  iie  si^rvcs."' 

Id  otlier  words,  to  eondtict  n  npwnge  farm  of  1,000  acres  ift  on  enUr|iri»e  calltos 
for  a  high  order  of  Imsinewt  capncity,  and  aboTe  alt  demanding  a  ciiualant  iivtit<0ifnl> 
nans  and  Hlndy,  which  experience  xhriws  can  he  expi-cled  only  «lii-re  u  Blronff  iior- 
•onal  interest  is  at  stsike,  iind  in   which  any  kind  of  ciu'tiomlo  muniigeiiietit  is  apt 

*8aeBule>-Deaton,  oti  "  IntriiniUeut  Dumiwknl  FiltnlJoii,"  ntition  of  I8&1.  pacsBW-W 
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4.  Tbat  either  of  theise  will  iliHpDse  ot  the  newnge  in  h  luitiafafturi-  maimer,  M>d 
in  a  wny  to  free  the  tiiy  from  nuiMince. 

5.  That  in  this  respei^t  tlie  two  plaiiB  ave  unbstAiitiaily  equal. 

6.  Tliat  of  tlieiso  two  llii>  piwijiiialioii  si-liPtae  is,  in  first  cost,  the  cheapei'  \tt 
8920,000. 

7.  That  in  annual  coht  tlie  baluix'c  will  jiiiiliablv  be  lu  (nvor  of  jiiecipitation. 

8.  That  the  or^ninvMUaii  iieeiletl  foi'  jii't'cipitutioti  is  siniplc,  Imving  in  view  hat 
H  single  iibjcet^thc  [luviticatic.n  of  (he  >ii'\viijj;e. 

'I.  That  th(^  cjrgiLiii/Jitii)u  ut  ^Vnnvick  jiiaina  will  have  two  objects:  one,  thn 
purification  of  the  Mewapi>  ;  t\w  other,  the  soinowliat  ecniplicatfiil  business  of  con- 
ducting a  lai'Ue  fartii  with  n  view  U'  profit.     In  other  worja,   it  will   be  a  busioow 
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rentnre  in  which  the  city  Mhonld  not  emlwrk  unless  tliei'e  be  do  sfttisfactol'j'  hIIbt- 
native. 

10,  For  these  roaaoiiB,  the  Bchi-me  of  cheniiral  jniici|'ilntion  ut  Field's  point  in,  m 
our  indgment,  the  on--  bnsl  ivorlli.y  nf  nihi|ili<>n. 

Work  was  hpfrun  ii|iiiri  the  intcrceiitintr  scwcik  in  IHOO,  nud  to Pfcem- 
ber  31,  1891,  7.3KH  Kiil.-s  li!i.l  liwii  coiistnuted,  'I'hi'  outh^t  to  I'iold's 
point  may  1m>  soeu  by  refpn-iite  to  tho  map,  Fiff.  04.  Homf  of  the  mi*i> 
uittireHtiiifr  dptails  may  bt!  tfiitlieved  from  Tigs.  G5  iiiul  6(!.  tliP  n!f('rl'H^•o^ 
of  wbifb  for  loi-ntioiis  sue  to  Fig.  64.  Fi;^.  67  is  a  view  taken  Ju  tin* 
mouth  of  a  storm  nutk't.  TIig  iiropofioil  inecipitalinn  works  are  to  W 
located  on  Section  2,  near  Ibe  point  F  as  shown  on  the  map,  Fi^.  64. 

The  conBtructiou  now  in  pi-ocess  is  under  the  supervision  of  Mr, 
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8he(ld,  who  is  again  city  engineer  of  Providence,  hitviiig  Huuveeded 
Mr.  (Jray  iii  1890. 

In  regard  to  the  autliorBhip  of  the  plauu  of  the  improved  sewerage 
and  sewage  disposal  works,  as  beinff  actually  carried  out  at  Provi- 
dence, it  may  be  said  that  the  intercepting  sewers  are  substantially 
as  designed  by  Mr,  Shedd,  and  as  outlined  in  his  report  of  1874  The 
credit  of  the  plan  of  the  sewage  disposal  works  essentially  pertains  to 
Mr,  Gray,  The  complete  system  may  be  stated,  therefore,  as  the 
joint  work  of  these  two  eminent  engineers. 


CHAPTER  XXI3. 


BBOAD  lEKIGATION  AT  THE  WORCESTER,  MASSACHUSETTS,  STATE 
HOSPITAL  FOR  THE  INSANE. 

The  irri^tioD  works  at  the  Worcester  Hospital,  which  were  designed 
by  Buttrick  and  "Wheeler,  civil  engineers,  of  Worcester,  in  1876,  are 
deserving  of  brief  descriptiou  in  tliis  work,  not  only  because  they  arw, 
so  far  as  the  authors  are  informed,  the  first  successful  irrigation 
works  in  this  country,  but  that  they  have  continued  to  succesafally 
dispose  of  the  sewage  of  about  600  people,  the  ordinary  population 
of  the  hospital,  from  the  date  ot  their  completion  until  the  present 
time.  A  letter  from  the  superintendent  in  Jannary,  1892,  states  that 
no  trouble  has  ever  been  experienced  in  disposing  of  the  sewnge  of 
the  hospital  in  the  manner  wljich  was  originally  designed. 

It  is  true  that  some  attem|)t  had  been  made  to  dispose  of  sewage  by 
broad  irrigation  at  the  State  Insane  Hospitals  at  Augusta,  Maine,  and 
Concord,  New  Hampshire,  a  short  time  before  the  sewage  farm  of  the 
Worcester  Insane  Hospital  was  put  in  operation.  Neither  of  the»^ 
attempts  were,  however,  entirely  successful  and  both  have  been  aban- 
doned. We  may  therefore  give  the  credit  to  the  authorities  of  tlie 
Worcester  Hospital,  of  instituting  the  first  successful  sewage  irrign- 
tiou  farm  in  the  United  States. 

The  hospital  building  is  situated  on  a  considerable  rise  of  ground, 
about  3,000  feet  west  of  the  main  irrigation  field,  shown  in  plan  by 
Fig.  68,  the  area  of  which  includes  about  14  acres.  The  several 
branches  of  the  hospital  sewers  are  all  brought  to  a  common  point,  a 
few  hundred  feet  east  of  the  main  building,  aud  connect  in  a  manhole 
from  which  a  by-pass  leads  to  a  settling  tank.  The  details  of  this 
tank  are  shown  by  Fig.  69. 

At  the  tank  there  is  also  located  a  windmill  by  wliich  sewage  U 
elevated  when  retiuired,  and  used  during  the  growing  season  to  irri 
gat(^  the  lawns  immediately  alnrnt  and  adjacent  to  the  building.  It  in 
stated  that  no  nuisance  has  ever  resulted  from  a  judicious  use  of  th« 
sewage  in  this  way.  Tlie  fall  from  the  settling  tank  to  the  main  irri- 
gation field  is  abont  37  feet,  and  the  pipe  sewer  lemling  from  the  tank 
to  the  main  field  is  12  inches  in  diameter.  At  manholes  Nos.  8,  10,  II, 
and  13,  Fig.  68,  along  this  pipe,  outlets  are  provided  by  which  sewaei- 
can  1^  run  as  required  into  main  distributing  trenches  and  consider- 
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able  adtUtioiiikl  ju-ou  of  Ijiuil  ri'iu'liod  l>y  irrigfttidii.     The  tot-al  are 
timt  can  lie  irri^atod,  iuclmUngr  the  specially  prepared  main  tield,  i| 
from  30  to  40  accea,     Tliu  entire  hospital  farm  inchides  257  acres. 

The  settling'  tank,  Fig.  60,  in  30  feet  long,  11!  feet  wide,  and  oover 
by  ftrches  turned  upuii  iron  girders,  with  side  walls  and  txittom 


hriok  laid  iu  oentent,  kud  mndtir  water-tig'ht  by  ■  Portland  c«ine 
plaster  coating  one-half  iuoh  iu  lliifknoss.    The  aewage   enters  tb»' 
tank  at  the  west  end  and  tlowD  out  at  the  eost  estd,  as  iodjcated  <H|  tlw 
plan.     AlioHt  t«i)-thinis  of  the  distance  from  the  inlet  to  the  i>atlet 
a  brick  )>artiUaii  is  built  acroeoi  the  tank,  is  which  are  placed  4  pli 


jm 


BROAD   IRBIOATION   AT  THE   WORCESTKIl   HOSPITAI,.  4r)0 

of  brass  pei'torated  with  60  holes  one-fourth  of  au  iuch  iii  diumet<^r. 
The  lower  plates  are  30  inches  from  the  floor  of  the  tank ;  the  entire 
partition  is  4.5  feet  high,  and  capped  with  a  strong  netting  of  gal- 
vanized wire  of  J-iuch  mesh.  As  stated,  the  sewage  is  received  into 
the  larger  division,  where  the  soHils  aie  detained,  the  fluid  portion 
straining  through  the  brass  plates  and  wire  netting  and  passing  to 
the  main  sewer  to  be  used  for  irrigation. 

The  published  reports  do  not  furnish  any  detail  as  to  just  the 
method  used  for  disposing  of  the  sludge  from  the  settling  tank  and 
the  frequency  with  which  the  tank  is  cleansed.  Definite  statements 
are  also  lacking  in  regard  to  the  quantity  of  sewage  per  day,  quality 
of  the  soil  of  the  irrigation  area,  etc. 

The  main  irrigation  field  of  14  acres  area  is  provided  with  a  main 
(barrier  laid  out  in  foiir  different  levels  of  about  equal  length.  The 
first  level  is  at  an  elevation  of  414  feet  above  tide-water:  the  second 
at  an  elevation  of  413.33  ;  the  third,  412.67;  and  the  fourth  level  at  an 
elevation  of  412  feet.  The  balance  of  the  details  will  be  readily  under- 
stood by  reference  to  the  plans. 

The  work  was  largely  constructed  by  the  inmates  of  the  hospital, 
and  no  statements  of  cost  can  be  made.* 

*  Tlw  chief  MDnM  of  iutarnutiaii  id  regaid  to  mnge  diipout  kt  the  Woroaler  Hoipital  U  the 
4Tth  An.  Bept  of  Uie  TmitM*,  eta,  foi  the  yi.  end.  Sept.  SO^  1879. 


CHAPTER  XXX. 

BROAD  mRIOATION  AND  INTERMITTENT  FILTRATION  AT  PULLMAN, 

ILLINOIS. 

In  1880  the  Pullmnn  Palace  Car  Compauy  cont-luded  to  erect,  Ui 
uODoection  with  their  Chica;^o  Works,  a  model  towii  as  a  place  of  resi- 
dence for  their  larg-e  number  of  artiaauB  and  mechanics.  For  this  pur 
poao  a  nearly  level  tract  of  land  was  selected  on  tbe  west  shore  of  Lak« 
Calumet,  at  a  point  between  tiTe  and  six  miles  west  of  Lake  Micbifraii 
and  foiuieeu  miles  south  of  the  centi'al  part  of  the  city  of  Chicapw, 
The  company's  lar^e  car  shops  and  car-wheel  wurks,  employing  over 
4,U00  o]ierntives,  are  located  here,  as  are  also  tbe  Allen  Paper  Car 
Wheel  Works,  tbe  Union  Foimdry,  the  Pullman  Iron  and  Steel  Works, 
the  Standard  Knitting  Mills,  I'aiiit  Wurks.  Term  Ootta  Works,  and  the 
Drop-Forge  nud  Foundry  Company's  Works.  The  total  number  of 
operatives  in  these  various  maunfa<-tnrin{;  establish m en ts,  ioclndin^ 
the  Car  "ftTieel  Works,  is  said  to  be  .5.500. 

Tbe  town  (now  a  part  of  tbe  city  of  Obica^o)  owes  its  ineeption  to 
the  president  and  founder  of  the  Pullman  Palace  Cai-  Compauy,  Geo. 
M.  Pullman,  Esq.,  who  has  earned  out  here  an  ideal  town  in  which  are 
provided,  not  only  houses  for  the  workmen,  but  all  the  various  needs 
of  a  modern  civilizeil  eonimunity.  Tbe  present  population  is  g-iven  us 
11,000. 

The  site  of  the  town  is  almost  level,  and  <m  au  average  from  7  to  8 
feet  ahove  the  mean  water  surface  of  Lake  Calumet.  The  Iiiki-  draiun 
only  a  small  area  and  discharges  into  Lake  Michigan  through  the 
Calumet  river,  which,  however,  does  not  flow  through  tbe  lake, 
but  is  connected  therewith  by  a  small  cbauind.  through  which  tbe 
water  flows  from  lake  to  river,  or  from  river  to  lake,  according  to  the 
varying  condition  of  winds  and  floods.  Tbe  lake  is  about  3  wiles  long, 
li  wide,  and  fiom  1  to  8  feet  in  depth.  Tbe  absence  of  luiy  cnrrent 
iu  this  shallow  lake  ivnders  it  undesirable  to  make  Lake  Calumet  the 
dispo.sal  place  for  crude  sewage. 

The  design  and  constniction  of  the  sewera^  system  aiul  sewa^tlie- 
posal  works  were  entrusted  to  Benezette  Williams,  C.  E.,  <if  Cliicagn, 
who.  i\fter  a  review  of  all  tbe  circumstances,  determined  upon  a  purelv 
separate  system  of  sewerage,  with  disposiil  by  broad  irrigation  sup- 
plemented by  iutemiittent  tiltratiou.  upon  a  tmet  of  land  about  thrm 
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miles  diatant  from  the  tuwu.  The  ruiufall  is  disposed  of  by  a  system 
uf  draiua  leailing  to  Lake  Cuhimet  by  the  most  couvenieut  Hues.  Con- 
Btmution  upon  the  sewernge  system  began  in  Augrust,  1880,  and  in  Oc- 
tober, 1881,  the  entire  ayatem,  including  the  land  disposal,  was  first  put 
in  operation.  The  plans  were  reviewed  by  E.  S.  Cliesbrough,  M.  Am. 
Soc.  C.E.,  as  considting  engineer  for  the  Pullman  Company. 

The  sewerage  system  proper  is,  as  stated,  a  purely  Heparate  system 
to  which  nothing  ia  admitted  but  sewage,  except  the  small  amount  of 
water  for  flushing  from  a  series  of  connections  with  the  water  mains. 
Automatic  flushing  basins  are  placed  on  the  house  drains  and  receive 
the  sewage  from  the  sinks  and  wash-bowls,  while  the  water-closet 
sewage  flows  directly  into  the  street  sewers.  Tlie  flushing  basins  also 
serve  the  pui-pose  of  grease  traps,  the  siphons  being  so  constructed 
that  the  grease  is  earned  out  whenever  a  flush  occiire.  The  grease, 
having  become  cold  while  in  the  baaiu,  does  not  adhere  to  the  sides  of 
the  sewers  when  rapidly  flushed  out.  From  i  to  6  houses  are  connected 
with  one  basin,  as  a  measure  of  economy. 

The  sewers  converge  to  a  common  point,  at  which  is  located  a 
storage  reservoir  of  a  capacity  of  about  300,000  gallons.  The  ventila- 
tion of  this  reservoir  is  secured  by  means  of  8  flue.s,  lined  with  12  inch 
sewer  pipe,  built  iuto  the  buttreasea  of  the  water  tower,  in  the  base  of 
which  the  storage  reservoir  is  located,  and  opening  above  the  top  of 
the  tower  at  a  height  of  1G5  feet.  The  ventilation  is  further  assisted 
by  a  20-inch  pipe  leading  to  the  chimney  of  the  cur  shops.  The  bottom 
uf  the  storage  reservoir  is  about  30  feet  below  the  surface  of  the 
ground,  and  the  top  of  the  groined  arches  covering  it  10  feet  below  the 
surface  of  the  ground.  The  pumping  engines  are  two  direct-actiug 
compound  condeuaiug  engines,  with  piaton  pumps.  Each  has  a 
capacity  of  2,500,000  gallons  in  H  hours.  They  are  located  in  an 
_engine-r(»om,  directly  over  thu  storage  ruservoir  prpviously  described, 
the  floor  of  the  engine-room  being  supported  by  the  groined  arches 
which  cover  the  reservoir. 

The  daily  average  quimtity  of  sewage  for  1890  was  1,800,000  gallons, 
of  which  it  is  stated  that  about  1,375.000  gallons  was  from  tlie  dwell- 
ings and  tlie  balance  from  the  shops.  In  September,  October,  and 
November,  18U0,  the  average  daily  quantity  of  sewage  pumped  was  a 
trifle  over  2,000,000  gallons. 

The  yearly  amounts  of  sewage  pumped  for  the  ten  years,  1882  to 
1891  inclusive,  were  as  follows  : 


[Year. 
1882 
1683., 
188i.. 

.use.. 


QsiloDs. 
211.1)20,100 

443,81.'i,4«0 
■liW,;i(  12,120 
473,748,080 


Year.  Cialloas. 

1887 573.700,64(1 

1888 66«,607.7C.I1 

1889 602.250.(HHI 

1890 657,001, Mil 

1891 617.664.030 
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During  the  fii-st  nine  raoiitlis  .if  18!)2  a  total  of  513.990.0GO  frallnns  of 
sewttge  w;is  pnmpoil,  or  nil  nuunal  rutn  of  f;(<5,328,OUO  galloue. 

It  was  coiisideretl  desirable  to  wvoiil  screening  or  settling  thu  sewagp 
In'fotP  piini|iiiig'.  and  with  this  ohjeet  iu  view  th>!  pmops  were  Atf- 
migued  with  special  refii-ence  to  puiiipins  ever>"tbiiig  whieh  iiii<;lit  I* 
foond  in  the  aewago.    For  this  parpoiw  a  rubber  valve  of  speeiul  make 


Vn.  nil— Pux  orSKWiSt^Atat  at  Pillmjix.  Iu..  u  Lut>  Oft  d  tWH 

is  in  use,  which  is  $l»t«d  to  work  ntisf.-ti.-torily  Cottua  w»ste,  dothlt, 
stii-kB  uid  blocks  of  wood  pitss  throo^h  tht.>  ptuups  freqaently,  witbook 
injtUT*  or  iDoonTeaue&c«.  'WhatvTM'  sMjtment  collects  in  the  leuertoir 
g:  indittitaX  aettlia^  is  washed  Kxise  with  «  boee  from  time  to  ttme. 

mI  passed  Qumigh  th«  pomps  with  the  sewage.  Thf  pompin;^  plant 
was  furnished  b^  the  Copi>  Jt  Maxwell  Sftuinfx-tnrinp  Company,  of 
HamilttMi.  Ohio. 

The  nnst  uj  o]>eTKting  ucM  o(  the  {Min|>a  for  30  buois  a  day  and 
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piiiupiag  an  iiverage  uf  1,800.000  gnlluim  per  day  in  1890  is  stated  as 
follows : 

Fuel 81.73 

Oil  nnd  waste 0.57 

Attendance 3.75 

ToUl 116.05 

Tliis  wiiuld  be  at  tlio  rate  of  fd.SG  per  1,000.000  Kalloun  pumped,  Tlie 
actual  lift,  uot  im-hnlin^'  fiiction  in  the  force  luaiii,  in  nii  an  average 
about  30  fott. 

A  20-inch  caBt-iroii  uiaiii,  iiourly  li  miles  in  Icuffth,  connects  the 
pumping  station  with  the  sewage  farm.  At  tlie  farm  end  of  this  main 
is  loi-ated  a  closed  screen-tank,  an  indicated  on  the  plan.  Fig".  70,  fitted 
with  a  screen  of  J  inch  mesh.  This  tank  is  6  feet  in  diameter,  24  feet 
long,  and  made  of  i-inch  boiler-iron.  The  lower  end  is  high  enough 
above  the  floor  to  admit  of  wagonH  being  driven  under  it,  and  into 
which  may  bu  received  the  material  inter(vi}ted  by  the  screen,  by  llie 
opening  of  the  vidve  at  the  lower  end  of  the  tank.  A  section  through 
the  screening  tiuik  is  shown  by  Fig.  71. 

The  distribution  pijie,  leading  from  the  screening  tank,  is  fitted  with 
a  pressure  regulator  set  to  10  pounds.  An  ovitAow  pipe  is  also  pro- 
vided as  an  additional  precaution.  The  object  of  the  pressure  regula- 
tor is  to  prevent  heavy  pressures  and  vibrations  from  the  pumps  from 
coming  upon  the  distribution  pipes,  whicli  are  entirely  of  vitrified  tile 
Tlie  main  distribution  pipe  is  15  inchcH  in  diameter,  with  9-ineli  laterals 
315  feet  apart.  Hydrants  are  located  on  the  9-inch  lines  every  320  feet, 
thus  giving  one  hydrant  to  about  each  2i  acres.  The  distribution 
pipes  of  vitrified  tile  were  tested  with  water  pressure  V>etore  laying. 

The  system  of  nnderdniining  consists  of  ])arallel  lines  of  common 
agricultural  tile,  2  to  4  inches  in  diameter,  lalil  to  an  average  depth  of 
3j  feet  and  about  40  feet  apart.  According  to  a  statement  made  by 
E-  F-  Martin,  farm  superintendent  in  1887,  the  primary  drains  would 
give  better  service  if  they  were  all  at  least  4  inches  in  diameter.  The 
small  dni.ins  connect  with  a  iniiin  uuderdrain,  from  (i  to  12  inches  in 
diameter,  which  empties  into  a  ditch  di.-icharging  into  T.ake  Calumet. 

The  tract  of  land  originally  apjiropriated  to  sewage  disposal  com- 
I  prisus  about  1,500  acres,  and  at  present  about  140  acres  are  in  use  for 
this  puiTiose.  Of  this  amount,  15  acres  were  laid  nut  in  flat  beds. 
sniTounded  by  embaukraeuts  in  order  to  permit  of  use  f(U'  intermittent 
filtration  whenever  necessary.  The  soil  is  the  ordinary  Illinois  prairie 
black  albivium,  1  foot  in  depth,  underlaid  by  clay  with  occasional 
pockets  of  sand.  The  distribution  after  the  sewage  leaves  the  hy- 
drants is  efifected  by  means  of  short  pieces  of  hose  connected  with  the 
f  hydrants,  supplemented  by  temporary  shallow  grips  or  fuiTows,  as 
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Maiiy  statements  were  made  in  the  earlier  years  of  the  operation  of  the 
Pullmmi  farm  aa  to  the  large  commercial  jirofit  reiilizetl.  All  such  that 
have  comu  uudt^rthe  authors'  notice  have  lacked  detiiiiteness  as  to  the 
detail.  The  most  authentic  statements  indicate  that  iu  some  year»  the 
farm  proper  has  yielded  a  net  profit  of  us  umdi  us  8  per  ceut.  on  the 
investment,  while  iu  other  yeai-B,  owing  to  early  frost  or  other  adverse 
causes,  there  has  been  very  little  or  no  profit.  The  positive  statement 
is  made,  however,  that  in  no  year  has  the  outlay  exceeded  the  income. 
During  the  growiug  season  about  iO  laborers  are  employed,  this  num- 
ber iiK'luding  tliose  wjio  attend  to  the  irrigatiou.  Duriug  the  balance 
of  the  year  the  labor  at  tiie  farm,  which  is  mostly  confined  to  control- 
ling the  distribntiou  of  the  sewage,  is  limited  to  one  or  two  men.  The 
statements  of  net  profit  in  the  foregoing  are  made  without  reference 
to  the  cost  of  pumping  the  sewage,  which,  from  what  has  already  been 
Mtated,  may  bi^  taken  at  about  ?2,20S  per  year. 

The  Pullman  management  has  not  kept  any  record  of  the  tempera- 
ture at  which  the  sewage  reaches  the  disposal  area  in  winter,  but  it  is 
utated  to  leave  the  hounes  at  an  average  temperature  of  65°  Fahr.  The 
minimum  winter  temperature  of  the  air  is  —  25'  Fahr.  The  maximum 
snowfall  is  about  2  feet ;  in  the  ortlinary  winters  it  seldom  exceeds  1 
foot.  The  maximum  depth  of  frost  penetration  is  stated  at  3.5  feet; 
the  ordinary  depth,  2  feet. 

Mr,  Duaue  Doty,  engineer  for  the  Pullman  Company,  states  that  the 
Duly  analysis  of  sewage  and  effluent  iu  his  poseesaiou  was  mode  in  the 
laboratory  of  the  State  Board  of  Heidth  of  Miissachusetts,  November 
30,  1887,  as  follows,  an  analysis  of  water  from  the  farm  well  being  ap- 
pended : 

Ainmonlft. 

Free.        Alliumlnald.     Cblnrine.     mtraRB. 

Pan  mwtn B.aOiiO  .*»«)  1  118  Nou*. 

VilUrid  HWIRB  rrom  nuinholeoDfilta.bod snui  .<M^a  i,31  l.RM] 

FlllcrtTt  pTwUKetrom  munth  of  loidn  umlndmln OOM  ,01D8  M.W  .(BO 

Wntortruin  tarmwoll OWN)  .OIW  1.78  .033 

The  efficiency  of  the  purification  at  Pullman  has  been  the  subject 
of  cnnaiderable  discussion,  especially  in  relation  to  the  results  at- 
tained in  winter ;  and  the  following  statements  by  engineers  who  have 
visited  the  farm  on  tours  of  inspection  are  of  considerable  interest. 
Eliot  C.  Clarke,  M.  Am.  Soe.  O.E..  says :  * 

Tbe  winters  at  Pnllnian  are  ooKler  ttiati  in  nioit  pnrtn  of  MfifsnchufpHB.  but  irri- 
nation  Ima  ttlwaya  (iroc-t'eded  Dipre  williont  ititprniiit.ion.  I  mn<1n  a  visit  lo  tlint 
funii  in  February.  1885.  For  tlip  tiro  days  previ'iiii  tlie  ra<*retiry  luul  n<it  vim'ti  to  0 
Fabrenlioil,  anil  Lail  lieeii  as  low  as  — M".  On  llip  dnv  of  mv  visit,  (lis  incii'iiry 
standing  at  —12",  I  fniiml  Ihe  nown^e  cmiig  on  lo  the  liind,  an<I  cuvei-pil  liv  a 
stratum  of  ice  from  one  to  oijilit  inHiP^  tliirk,  I  liroka  tlie  ice,  and  witli  a  spade 
dag  a  hole  in  tbp  groiitid  below,  wliioh  w;in  ppcfectlj  open.  As  tbe  weather  mod- 
elled the  sewage  inpiJIy  melted  tlie  ice  above  it. 

■  Report  tu  the  MMamoliQBett*  Dtainage  CommEssion  of  1885,  p,13B, 
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The  secood  account  is  by  Charles  A.  Allen,  M.  Am.  Soc.  C.B.,  as 
follows :  * 

Upon  tlie  ilay  of  onr  visit  [Jamiaay.  18S7]  it  wbb  i]uite  warm,  the  thermomewr 
r(!)ii»tuririK  40"  Full!'.  We  fomiii  that  tbti  sewBg^  wait  all  beiu^  discliurged  npuTi 
(hi-  flitmtioii  artja.  ibo  lirst  sei^tioii  <if  whidi  wan  ouvered  with  sluilge  to  a,  depth  of 
]ib[)iit  It  foot.  The  sewage  wa^  lunuin^  over  this  to  the  secoud  nection,  n'hich  vo* 
(jni'tiftHy  Odvered  witli  ice,  iind  iheu  ovei'  the  I'omaiuiug  ftiea,  which  was  i-iitiiciT 
I'ovei'ed  with  tct.  ami  wus  tiimlly  iliHpliai-gf>d  iulu  the  effluent  ti'euch  without  haviiip 
bci^li  tiltered  iji  the  leaHt. 

'Hie  entii'e  aieii  was  coiiiplotelv  oovered  with  ^(•H'ugt',  iitid  tliere  wan  evidenllj  no 
HitJutiou  tuliiii^  |ila<ju,  an  itboiit  the  same  i|iiaiititj' pasKMl  off  at  tbu  lower  endtif 
thi!  beds  111  was  di-ichai-ycd  njini]  the  U]i]ier  end. 

Tlie  manager  of  the  farm  was  away,  but  we  were  given  th^  following  facte  bjr  bU 
iwsi^tant,  wliieh  we  Hiihseqiietitly  verilied: 

The  fartii  is  nin  for  the  piu'iioNe  of  making  money,  the  iiui'ification  nf  the  a^wage 
being  a  K^^coiidary  cunsidwaliou. 

Diii'iug  Ihe  summer  iin'uths  when  vee;etation  lias  ri'ceived  all  the  sewage  it  will 
bear,  it  iHmiii|<ly  lunieil  iiitn  Jjalti-  Caliimel  in  its  ci  ade  slule 

TVe  weru  told  tliat  not  a  iiikrCicW  of  st^wH|;i;t-  lias  biwii  ap|>Iicil  to  the  farm  propel 
thi.s  winter,  it  all  having  been  sitnjily  pa'ueil  over  the  area  as  alrciuly  liescribeil- 


Mi-.   tleo.  H,  Beuzeuberg,  M.  Am. 
Nov.  21,  1892:  f 


Sue.  C.E..  wrote  a.'*  follows  on 


I  have  not  been  at  Pulliimn  for  a  number  of  yeara,  and  hence  cannot  give  you  any 
infonuation  whatever  an  to  what  they  are  doliiff  there  now.  but  I  know  thai,  aa  early 
BS  prior  In  1887  a  laige  amount  of  I'rude  jiewage  was  niii  into  Iiake  Cnliimet.  Thi" 
I  fouiul  1o  be  the  (act  upon  a  visit  to  the  faviii,  aur]  which  the  suiierinteudonl 
lltially  admitted  and  excused  by  KHyiug  that  it  was  necPHSai-y  in  order  lo  save  t\u- 
crops.  The  sewage  was  beinc  run  in  a  large  opeu  ditch,  covered  by  bushes  grow- 
ing on  each  side,  fi'om  near  l.lie  farm  to  the  take. 

Mr.  Benzenberg'H  atatemeut  ha«  Iweu  conoliorateil  by  Mr.  Rudolph 
Hftriiig,  M.  Am.  Hoc.  O.E.,  wh"  visite.1  the  fiirin  in  1886,  and  also  in 
1N87. 

!□  1891  Mr.  Allen  Hazoii,  L-ht'iiiist  of  tlw  Lawreucc  (Muss.)  Experi- 
nitmt  Station,  visited  Pullman,  Mr,  Hazen's  account  of  his  visit. 
together  with  an  iiitt^ resting  mechanical  analysis  of  the  aiirface  soil 
of  the  tilter  beds,  i.s  aj*  folhiws :  % 

T  visited  the  Pullman  sewage  farm  in  October,  1891,  The  suiwrin  tend  cut  wiu 
absent,  and  I  was  sliown  about  by  a  man  who  had  woi'ked  on  the  tiirui  for  some 
veal's.  He  toM  in.'  that  with  the  application  of  sewage,  worms  develojH-d  m  Xhe 
soil  ai:d  destroyed  the  cragw,  and  for  this  reason  no  Mwage  Lad  been  apjilied  for 
Iwii  or  Ihri-e  yearn 

The  tilter  wan  Dot  in  line  at  the  time  oF  my  visits  nor  did  it  have  the  ap)>eareara' 

of  having  been  used.  My  finlide  thought  that  it  wan  at  least  a  month  since  any 
Hewuge  had  been  applied,  and  a  much  longer  time  »iiiOP  any  considerable  ixnanlili 
had  been  treated.  The  sewage  of  the  entire  town  wa.i  being  turned  directly  into 
Lake  Calumet,  from  which  large  qn,'Kntil]e~  of  icu  for  Chicago  are  cut. 

■  FmlD  Mr.  All«i'»  He-]""  of  I  «8T,  p.  «. 

f  Bng.  Newi,  rul.  »ix  (Jan.  I'J,  IMlVt).  p.  31. 

t  Bag  Nfw«,  »nl.  wii.  (Jim   li.  wci),  ,,  w. 
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A  sample  of  the  aarface  noil  of  the  filter  had  the  followiDg  meohauical  analyau : 

Finot  than   a*. a7 

"       "  .la «a 

"         ■'    .UB SS 

"    .OS 16 

"          "    .01 orgmnio,  8 

AlbamiDoid  unmonui,  325  paita  io  lUO.UUO, 

The  analysis  shows  the  material  to  be  Ter;  much  finer  thou  the  aands  success- 
fully  nsed  in  MaxsacbnsettB,  and  it  would  hardly  be  possiblo  to  pot  upon  it,  with 
good  results,  any  large  volume  of  sewage. 

Mr.  Doty  famished  the  following  statement  in  this  connection,  which 
he  gave  as  the  language  of  the  superintendent  of  the  farm :  * 

The  sewage  when  not  seeded  upon  the  fields  of  the  farm  is  run  on  to  the  filter 
beds,  and  these  filter  beds  are  ploughed  up  four  or  five  times  a  year  so  as  to  looxen 
the  soil  and  expose  as  much  of  it  as  possible  to  the  air.  At  times  all  the  sewage 
is  used  apoQ  the  farm,  and  in  wet  weather  not  more  than  half  of  it.  Some  aeaaons 
have  taken  all  the  sewage  npon  the  fields.  At  rare  intervals  only,  when  it  has  been 
necessary  to  clean  the  receiving  tank  at  the  farm  end  of  the  iron  maiu,  is  raw  sew- 
age run  into  Calumet  lake,  and  then  for  very  brief  periods  and  not  enough  of  it  to 
do  any  harm.f 

•  Bug.  NeiTi,  Ted.  xiii.  (Jan.  VZ,  IBfti),  p.  97. 

i  In  addition  to  tboae  quot«d,  tbv  fnrtbar  oooroe*  of  iufonnation  in  r«gard  to  tha  PnllmMi 
■bwage  farm  which  have  been  drawn  npon  are  : 

(1)  Tha  Pullman  Sewarage,  a  paper  by  Benezette  Williama,  Member  of  the  Weatem  Sooiety  of 
Civil  Engineen,  in  Joar.  of  the  Ataoo.  of  Eng.  Sees.  vol.  L  {18S3),  pp.  311-310.  from  which  the 
main  faola  in  the  forejfoing  in  relation  to  original  design  of  the  aewerage  ayrtem,  Hwaga  farm,  . 
•tniniDg  tank,  etc.  have  been  abatraoted.     An  abstract  of  Ur.  Wiltiama'  paper  may  alao  he 
foond  in  Eng.  News.  voL  ii.  {16SS).  pp.  30:i-2CM. 

(3}  Tabulation  of  sewage  trrigatiuu  atatiatioa.  in  Mr,  Graj'a  Frovidenoe  Sept.  of  18S4. 

(8}  Artiolea  in  Eng.  A  Bldg.  Becd,,  vol.  viL,  p.  35;  vol  ix.,  p.  476;  vol  i.,  p.  S60 ;  voL  xiv., 

(4)  Private  tettera  to  the  anthora. 

(fi)  Articles  in  the  aanitary  Newa  and  tha  Amerioan  Architect. 

(6)  Deanription  of  a  vitit  to  Fulbutn  by  Dr.  Wm.  Oldright  ia  Hth  An.  Kept.  Prov.  Ud.  of 
Health  of  Ontario  (1887),  pp.  Lmiv.-vi. 

(7)  Article  "SeieotiSo  Sewerage,"  in  the  Pullman  Jounal,  Feb.  H,  18U1.     By  Duaae  Doty, 

as. 


CHAPTER  XXXI. 

BROAD  IREiaATION   AT  THE  JIASSACHUHETTS  REFOBMATOBT, 

C^ONCORD. 


The  sewage  of  this  institution  waa  ori^nally  discharged  into  the 
Aesftbet  river  at  a  point  immediately  opposite  the  institution.  The 
deposit  of  floating  and  suspended  matter  of  the  sewag'e  along  the 
banks  and  ou  the  Viottom  of  the  stream  having  become  noticeable,  au 
attempt  was  made  to  screen  out  the  solid  portion  throu^fh  coarse  wire 
BcceenH  located  in  n  subteiTiiueaii  acreeu-pit,  whieh  whs  situated  near 
the  liue  of  the  inaiu  sewer  and  connected  therewith  by  a  liy-pasa. 
This  still  permitted  the  liquid  portiou  of  the  sewage,  with  its  soluble 
constituents  and  much  of  the  tiiier  suspended  matter,  to  be  discharged 
into  the  river  as  before.  The  arrangements  tor  removing  the  solij 
portion  from  the  screenpits  were  iuconveuieut,  and  their  non  removal 
led  to  the  pntduetiou  of  a  positive  nuisance.  The  clogging  i>f  the 
screens  also  reudered  it  necessary,  in  order  to  allow  the  flood  flow  to 
pass,  eilli'-r  to  open  the  gates  of  the  tnaiu  sewer  so  that  the  sewage 
would  flow  directly  into  the  stream  without  passing  into  the  screen- 
pits,  or  else  to  raise  the  screen  an<l  allow  thu  iiccuniuhitions  of  sludge 
to  l>e  flushed  cmt  into  the  river  by  storm  How. 

The  sewage  jiroper  fi-oiii  the  luaiii  group  of  prison  buildings 
amounted  to  upwards  of  100,00(1  gallons  per  day,  and  in  times  of  rain- 
fall this  amount  was  augmented  by  the  roof-water. 

The  waste  water  from  the  gas-works,  originally  discharged  into  the 
common  drains.  Iiad  been  afterwards  exelnded  theivfroin  and  allowed 
t-o  run  into  an  open  sink-hole  in  the  gravel,  in  the  rear  of  the  build- 
ings. 

The  drainage  from  the  sinks  and  water-closets  of  a  large  isolaleil 
shop,  wliifh  has  since  been  removed,  was  disposed  of  by  flowing  in  mi 
open  ditch  leading  from  the  shop  to  a  sink-hole  about  70  feet  distant 

The  waste  li(|Uoi'H  friim  the  ilyeiug-vnts  in  the  hat-shop,  amounting 
to  from  40,000  to  70.(HKI  gallons  per  day,  was  further  disposed  of  by  al- 
lowing it  to  flow  imt  npon  the  surface  of  the  ground  and  into  gr«vi»! 
and  sand-pits  near  by,  where  it  was  left  to  soak  away  as  best  it  might. 

Fin.olly,  the  sink  drainage  from  10  houses  on  Commonwealth  avi'- 
(see  Fig.  72>.  oi'cnpied  by  the  officers  and  their  families,  was  dis- 
charged by  a   pipe  sewer  into  a   large  eeasiHiol,     Tlu'   cesspool  re- 
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quired  cleaning  abont  once  eacli  week,  involving  an  amount  of  labor 
eqnal  to  the  total  expenditnre  of  six  months'  time  of  one  man  through- 
out the  year.     Water-closets  were  not  introduced  into  these   houses 


until  1885,  and  previous  to  that  time  each  house  was  provided  with  a 
privy. 

In  the  spring  of  1883,  an  Act  was  passed  by  the  Massachusetts  Leg- 
islatore,  authorizing  the  expenditure  of  a  sum  not  exceeding  $6,000 
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for  the  disposal  of  tlie  sewage  at  the  Reformiitury  ;  and  in  June  of  that 
year  the  Prinon  Cummissioutiis  iusti-utstud  Williuin  Wheeler,  C.E.,  to 
prepare  plans  for  it  i;ompreheiiaive  system  of  sewage  disposal.  Sur- 
veys were  iiiiiiiediately  madu  and  plans  prepared  and  submitted  to  the 
Commissioners,  who,  after  accepting  (hem,  refeiTed  them  to  the  State 
Board  of  Health  for  approval,  in  accordance  with  the  Act.     The  State 


Han  of  ffece/ying  and  Sefiarafir^  P'*^  on  CO. 
Pio.  73.— Dktails  ok  RE<7Brvrao  4jid  Bbpahattno  Tanks, 

MAflSACRCaBTTB  RKKOtUIATOKV. 

Board  of  Health,  after  some  changes  in  the  seleiTtioii  of  the  lands 
npou  whieh  the  sewage  was  to  Iw  disposed  of,  approved  the  plans 
September  1,  1883.  The  construction  of  the  works  was  begun  on  Sep- 
tember 18,  and  mostly  completed  during  the  following  summer. 

The  common  labor  and  much  of  the  skilled  labor  was  done  by  eoii. 
victs. 

The  general  arrangement  of  the  new  works  is  shown  by  Fig.  78, 
while  Fig.  73  represents  the  principle  features  of  the  receiving  and 
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The  pluut  ImB  been  described 


Hep&ratiog  tanks,  pumpiug  Httitiou,  etc. 
as  follows : 

The  plun  of  the  new  works,  while  lesvicg  substantially  nncLanged  the  general 
nrraiigeiiient  of  pliimliinj;  ami  interior  lintiua,  involri'il  the  constructiou  of  an  en- 
tirelj  new  ayalem  of  l>i|ie  sewers  outsiile  the  [iriadn  bliiltliiigB,  from  which  atorm 
water  is  excludeii  except  iit  a  few  points  for  flushing  purposes,  art  later  deacribed, 
»nd  whereby  all  the  ordinary  smvagH  is  currii^d  to  u  series  of  nnderRTonn  J  rocuiving 
and  separating  tanks  or  chainbpra.  Tlieso  ehanibont  are  sepamted  by  briok  pai^ 
titions  sixteen  inches  thick,  iaiil  in  hydraulic  cement  mortar,  the  outaide  walls  con- 
aiating  of  an  eight-iuch  brick  liuin<.-  or  interior  failing,  with  uii  imijerviona  backing 
of  hydranlic  cenimit  eoncri'te  or  beton,  eonstmcled  in  ml",  oftar  the  brick  was  laid. 
Krery  alternate  brick  in  alternate  conraes  ia  a  header,  projecting  outward  half  its 
Ipngth,  thus  affording  a  perfect  bond  between  the  brick  face  and  concrete  bucking. 
The  whole  is  built  ujwn  a  concrete  fonTiiiution  exleuding  over  the  entire  area  of  the 
chambers,  aft'ording  a  tii,'ht  floor  throe  inuhus  thick  and  footinRs  six  inches  thick 
iimler  all  widls  and  parlHiona,  and  is  covered  by  two  arches  wlioHe  adjacent  skew 
backs  rest  upon  a  middle  gnu'titioii  and  piei's,  thus  foimiuf;  a  I'uIIey  which  afforda  a 
passage  for  tiie  moin  i-ollectiiit;  sewer  and  safe ty-ovci flow  pipea. 

The  eliambers  are  provided  with  sewage  inlets,  alud^e  outlets,  and  suction  pipes 
for  diaeharging  the  liijuid  portion,  all  in  duplicate,  and  each  one  in  a  separate  com- 
partment from,  and  cajiable  of  being  used  iiiterciiaiigeahly  with,  its  cooipanioa. 
Access  to  each  comparlnient  is  had  through  mim-Uoles  of  ample  aize. 

Tile  sewage  is  commonly  first  admitted  through  an  inlet  valve,  ii,  into  a  oompart- 
raent,  A  (see  "  Plan  of  Receiving  and  Separating  Pits,"  Fig  73),  about  twelve  feet 
stjuaie,  from  which,  when  filled  io  a  depth  of  five  feet,  the  iiL[uid  portiou  ovei-fiows 
antoniBlically  from  its  middle  depth,  through  aa  unsoaied  ihceedegged  siphon,  i/t, 
into  another  chamber  of  the  same  si/e,  A'.  The  second  comportment,  A',  has  con- 
uectiou  tlirough  a  valve,  h,  with  a  storage  chamber  about  twenty-five  feet  square, 
RJI,  into  which  the  liipiid  portion  flows  in  the  usual  o|)enilion  of  the  works,  the 
Raid  liipiid  portion  being  pumiicd  ont  daily  through  either  or  both  of  the  auction 
pipes,  c  and  c',  as  circumslances  may  i-oqiiire. 

The  socQiid  chamhpr,  A',  is  pmctically  a  duplicate  of  the  first  one,  A,  and  may 
he  used  interchaugeabiy  with  either  the  first  one  as  the  primary  receiving  and 
separating  compartment  (in  which  cnae  the  ortide  sewage  is  admitted  through  no 
ttlteriiiite  inlet  valve,  >i ) ;  or  with  the  larger  one,  Bll,  as  a  storage  chamber  and 
pump-well ;  oj',  as  ordinarily  used,  in  open  connection  therewith,  it  affords  simply 
an  addition  to  the  storage  ea|)acity  of  the  works. 

With  this  iutcrchongeability  of  uses,  effected  by  simple  devices,  the  function  of 
each  compartment  may  l>e  (wrforaied  by  one  of  the  other  two,  whereby  each  may  in 
turn  be  left  in  temporary  disuse,  thus  facilitating  the  work  of  discharging  the 
sludge,  ami  the  examination,  repair,  and  sienewl  care  of  the  works. 

By  can-iing  the  liipiid  overflow  from  the  receiving  chamber  to  take  place  from 
the  middle  of  its  depth,  the  solid  matter,  wiiich  either  floats  or  sinks,  remains  in 
the  chamber,  whore  it  is  allowed  to  accumulate  until  it  approaches  the  level  of  the 
inlet  of  the  overflow  pipe  or  siphon.  The  sludge  is  then  discharged  by  cravity 
through  the  valve,  e  or  e,  as  the  case  may  be,  an  eight-inch  Akron  pip'',y,  into  a, 
eomiioatiiig  pit  situated  about  six  hundred  feet  distant,  on  the  low  blutf  overlook- 
ing the  river.  Hero  the  excess  of  liquid  that  flows  out  with  it  is  allowed  to  leaeh 
away  into  the  dry,  jkji-ouh  soil,  and  the  residue  is  covered  (at  inteiTals  of  about  two 
or  three  days)  with  a  light  layer  of  dry  loam,  muck,  or  other  absosbent,  whereby  it 
it  rendered  odorless  and  innocuous,  iiiid  its  fertilizing  value  developed  and  pre- 
served. Before  tho  next  discharge  is  to  occur,  it  is  in  suitaVde  couilition  to  be 
carried  away  and  eonipoRt«d  with  mnie  alisorbents,  or  applied  directly  to  the  land, 
with  results  which  demonstrate  its  agricultiiiid  value.  In  praciiee,  with  the  present 
|)opulution  sei-ved  by  these  works,  unndicring  about  fi.'jO  convicts  and  upward  of 
twenty  otHcera'  families,  and  disposing  of  about.  IDII.IHKl  gallons  of  sewnge  daily, 
the  sludge  ia  diachitrged  once  in  two  weeks.  The  accumulations  of  that  period 
furnish  a  deposit  of  from  eighteen  to  twenty  inches  deep  npon  the  bottom  of  the 
reoeiving  chamber,  and  floating  matter  to  a  thickness  of  from  six  lo  ten  incbee  npoD 


472 


KKWAOH   DISPOSAL   IN    THK   L'NITED   STATES. 


the  top  of  ita  eontenta.  After  a  tborough  agitation  with  a  pole,  tliroogli  a  mui-faule, 
during  wliich  about  oae-half  to  three-fonrths  of  tbe  floating  matter  sinks,  Uie  rlj*- 
charge  valve  is  o|>ened  ttad  tbe  entire  contents  gravitate  into  tbe  slndge-pil,  vliicb 
has  bi-en  made  really  hv  cleaning  out  tbe  preceding  charge,  and  loosening  up  tiit 
bottom  to  facilitate  Ibe  leecbing  awav  of  the  excess  of  liiiuid  as  alreadj  describett. 

Tnoojion  shulgo-pits,  eacb  about  12  x  40  feet,  weie  oiiginallr  consti-ncted,  t<i  tie 
used  iilternatelv ;  but  oiie  liiu  recenlly  been  found  to  :*rve  Ilie  puriiose.  after  cover- 
iug  it  Willi  a  subislantjal  building-  In  i-j.diii!i'  rain  uiid  snow,  and  to  confine  tbe  oiloi- 
oi'ciimng  tenijioi'nrilv  during  tbt-  flow  of  tbe  sludge  into  it.  Allb«ui;!i  silaatnl 
witbin  from  151)  to  100  feet  from  tix  doable  houses  oceupied  by  officira  of  Ibe 
prison,  tbe  resilient  eugineer  states  tbat  no  couiiiluints  Imve  ariseL  tbe lefruui  siuoe 
it  was  so  boused. 

Over  one  of  tbe  small  comyiartmenis.  .-I  .  of  tbe  receiving  rbamhers,  a  suiall 
pump  bouse  is  built,  tbe  wuHh  of  tbe  compnrtmeiil  consiitntiug  the  fonndationa  of 
ibebuibiing,     (See  '■Plan  c]tPiiiu|>  Hihim'."  also  ■■  Verticnl  Section  on  EF,"  Fig.  73.) 

The  pniup  rooiu  couliiins  a  sniill  Kuowle^  latik  sewage-iiump,  baring  its  Mentn 
cylinder  eight  inches  and  plunger  ten  inches  in  diameter,  vilb  a  twelve-inch  stroke, 
and  connected  tritb  au  upright  tnbuliir  IhuIci  thirty-^^is  inches  iu  diiuueler  atid 
seven  feet  higb^liotb  pump  and  Ix'iler  hi-iag  coiistmcted  expreeslv  for  these  works. 
Tbe  pump  has  two  nnction  pities,  <■  and  c,  wberebj  tbe  sewage  may  1>e  punijieil 
direclly  from  either  chamber,  .-I  or  till,  wbence  it  is  delivered  through  a  six-incU 
iron  force-main  to  the  vaiiiins  points  at  which  it  is  to  be  disposed  nf  by  irrigation. 
It  is  ilischargt'd  tbrougb  coninion  (ire  hydrants  made  with  one  apcciaUr  Inrgr 
nozzle  and  two  hose  nozzles  of  oidinary  size.  Two  sewage  hydrants  arc  phMr^ 
H^ilhiD  tbe  prisou  yard,  where  large  qtiantitios  are  used  for  the  imgatioD  of  iIa 
siindy  soil,  and  two  more  outside  tlie  enclosure  upi>n  the  bigheM  fKiiiiis  of  the 
aiulile  land  of  the  prison  farui.  and  at  distances  of  about  400  and  ^00  feet  from  tlii- 
driven  well*. 

Here  the  sewBse  Is  Used  in  broail  irrigation  upon  anch  desirable  crops  as  are  liesi 
litleil  foi'  cultivation  tberen-ilb^chiefly  grasses  and  grains,  as  well  as  general  lillei) 
ci-0|ts  to  a  limited  extent.  Tbe  soil.  iVing  ligbt,  free,  and  sondy,  witli  the  natural 
u-aler-table  at  a  considerable  depth  below  its  surface,  is  emiuenlly  well  adaplc'd  to 
receive  the  se\ra^.  which  it  does  with  great  benefit  to  ilf«lf,  and  wiiliont  com- 
plaint of  oilor  or  appearancti  of  disago»eable  results  of  any  sort  ;  and  this  nolwilh- 
standing  the  fact  that  the  methods  ]>ursQed  for  its  distribution  ate  still  aomevhut 
crude.  The  sewage  is  received  al  an  elevation  of  several  feet  above  tlie  ground, 
iuto  a  line  of  wooden  troughs  supiKirlcd  njion  lipbt  "  horses"  or  portable  trestles, 
gra<1uated  in  height  so  a-i  to  secure  a  suitable  fall  loward  the  points  of  final  dis- 
cbnrgi',  and  is  often  allowed  to  run  two  weeks,  during  the  hours  of  pumping,  iu  one 
plaoe  without  change. 

Undoubtedly  a  moi^  convenient  and  economical,  and  certainly  a  more  sightly 
management  of  ibe  sewage,  would  be  effected  by  suitably  grading  the  nnrfocc  of  tbe 
ulilizatii-n  grounds,  and  constructing  shallow  open  conduits  and  surface  cliiiijnelis 
provided  itith  suitable  contrivances  for  deflecting  tlio  flow  toward  any  desired  [lort 
ot  the  field,  and  through  which  tbe  sewage  would  be  distributed  by  gnTitr  and 
regulated  at  pleasure. 

The  inconvenience  of  moving  tbe  present  arraDgenieat  of  troughs  and  tiestle* 
affords  a  pnleoi  temptalioii  to  nuduly  prolong  the  time  of  flow  in  a  single  place.. 
Tbe  duration  of  flow  in  one  place,  under  Ibe  more  convenient  system  of  distribu- 
tion, could  wisely  be  limited  to  not  mor*  thou  four  days,  on  even  so  free  and  dry  a 
soil ;  and  while  tbe  works  were  not  originally  so  constructed  by  reason  of  an  innil«- 
■inate  appropriation,  later  recommendation s  for  reforminK  tbe  methods  of  distntiD- 
tion  in  accordance  with  the  foregoing  suggestions  bare  lieen  made  to  llie  coUmiV 
sioners,  with  the  offer  of  gratuitous  pnites.-iouftl  a-ssisiance  in  carrying  them  inlfl 
execution.  The  alv^eiice  of  any  (lorticiiliir  saniiaiy  motive  or  nocMsitr,  brntrver. 
(or  presstog  such  improvemeula,  may  pertmiH  lie  held  to  be  a  maoiiable  exonsefor 
neglecting  to  make  Ifaem. 

The  new  diftins,  with  a  minor  exception,  are  laid  in  straight  lines,  with  a  nan-hol* 
at  every  junction  and  at  every  change  of  direction  or  grade.  Tbe  ventilation  nt  tb* 
aewers'is  insured  by  the  adnuaaioo  vt  air  throngh  perfonted  eann  upon  o«tt«iD«f 
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tiiH  mari-lioles,  wlieiice  it  cii-culntes  lo  iiud  tlivoiigli  llie  bdiI  pijic-  uliirli  are  cami.'J 
through  tbo  i-oo[h  of  the  prisim  ImihliiigK — the  siiil  pijiea  iif  the  ■' strong  rooms" 
also  haviug  buen  ko  exteiiilml  in  coiijiiuciion  viith  the  woik  iloiie  under  the  Act  of 
1883,  witli  the  iliiect  resnjt  of  einiiflj  oUviatiug  thii  presence  of  objeetioDuliltt 
mlors  ami  sewer  eiuanationa  which  hail  oi:f.asioiinlly  existeil  befdro. 

The  vontilatjoD  of  Ibe  receiviug  unil  seiiarating  works  is  effectuully  accoiDplished, 
without  object  ion  able  results  of  any  sort,  by  the  conhtaiit  aitniJBsioii  of  air  tliroiigh 
a  pevtonitpd  maii-liole  cover,  n,  into  the  priuiury  receiving  rouiiiartment.  .1 ,  and  its 
positively  indncoil  circulation  through  a  series  of  opetiiiig^  conut'cling  all  the  com- 
pnrtmenlH  above  the  level  of  the  sewage  therein,  anil  leading,  by  a  suitable  ur- 
rangeinunt  of  dampers  at  the  base  of  the  furnace,  inUi  I'itlier  the  tii'e-biix  uniler  the 
boiler,  or  the  i^himney  direcrly  over  the  boiler,  where  the  gases  iimy  be  bnrui-d — 
The  draught  of  the  cliimney  iu  cither  case  elTei't)u<{  tlie  ncoe^isaiy  ci  ten  hit  ion. 

The  ofHceiV  Louses  upon  Counnomvealth  row  were  furnished  with  ivaler- closets, 
anil  together  with  the  Warden's  and  Deputy -Ward  en's  (now  Siiperintendeut''^) 
liouaps,  were  couneeted  ivitli  this  syntriu  of  works  duriiis;  the  nionlhs  of  August  and 
September,  1885,  through  tiewei's  sliown  upon  Fig.  72 — tlie  expense  foi'  this  addi- 
tion being  paid  out  of  the  genei'al  appropriation  fur  the  Refoiniatoi'y. 

Storm  water  is  eicludeil  from  the  new  Bewcnige  works,  execpt  in  the  case  of  that 
admitted  for  flunhing  pui'jioses  by  the  cumlnct'e-x  upon  the  two  housea  at  the  heads 
ii[  the  Otimmon wealth  row  sewers,  and  also  through  connecliug  coiiiluctors  near 
tlie  heads  of  some  of  the  principal  drains  within  the  prison  yard. 

To  prevent  any  liack-lloiv  of  sewage,  iu  ease  llie  contribution  of  storm  ivator  by 
tliese  uonnections  should  be  e\ce»Hively  largti  during  the  night,  wlieti  the  pnnifis 
ace  not  ordiuarily  in  oiMsiatiou,  a  safi'Iy  overflow,  li,  in  provided,  whereby  the  excosH 
aiitomatieally  escapes  into  tlie  sludge-pipe,  and  thence  jmssing  by  the  sludge-pits, 
is  discharged  into  tlie  river.  No  considerable  quantity  of  objectionable  refuse  cau 
so  reach  the  stream,  however,  imisinuch  as  sui-h  ovi'vflow  lakes  place,  as  already 
stated,  at  night,  wlieu  not  only  is  the  amount  of  noiinal  sewage  at  its  niiniiniini, 
but  the  overflow  itself  consists  of  the  .secondary  conli'ilnitions  of  the  slonu  water, 
after  its  primary  How  has  cleansed  the  sewers  and  discharged  its  scouriiigs  into  the 
receiving  chambers. 

With  the  present  uonHUmption  of  water,  amounting,  as  already  staled,  to  aliout 
100,001)  gallons  per  day,  the  night  flow  of  sewage  from  about  .l.ilO  p.m..  when 
pumping  usually  ceases,  to  7  4.M.,  when  it  begins  again,  fills  the  senage  reseiToirs 
to  within  about  a  foot  of  the  overflow  level,  or  from  80  to  MT)  per  cent,  of  their  full 
capacity  of  about  '28,000  gallons.  The  pumping  continues  from  about  7  a.m.  to 
lO.aO  .4.M.,  and  again  from  3  p.m.  to  .5.30  r.M.  daily,  at  which  time  il  is  lefl  cropty, 
reaiiy  for  the  uighl  How.  The  large  consumption  of  water  and  consei]uent  delivery 
of  sewa-ne  during  the  night,  and  indeed  at  all  hours  of  the  day.  is  largely  due  lo  (he 
practice  liy  a  large  number  of  tlie  convicts  of  so  placing  a  small  bit  of  wooii  or  other 
material  nuiler  the  seats  of  their  water  ch'setH  as  to  canse  it  to  flow  with  a  cotiMant 
Htreatil,  thus  miiintaining  a  sense  of  cleansing  and  purifying  efficacy  which  is  only 
imaginary,  at  the  exiiense  of  a  cnnsideraide  waste  of  water  and  the  disposal  of  it  in 
the  form  of  sewage. 

The  wiuter  caie  and  manageiuent  of  the  sewage  does  not  differ  in  any  e.^nserilial 
degree  from  that  at  olher  seasons  of  the  year,  nor  does  it  presi-nl  any  peculiar  diffi- 
culties or  annoyances.  The  comparative  warmth  of  the  sewage  enables  it  lo  lind 
its  way  into  the  ground  before  freezing  to  any  injurious  extent,  while  the  slndge-i>il, 
being  covered  by  a  close  house  in  which  a  quantity  of  dt^  absorbents  is  atored,  is 
managed  without  diflieulty. 

All  labor  retinired  in  the  management  and  operation  of  Ihese  works  is  done  by 
convicts.  The  annual  expense  of  running  them  maybe  approximately  stated  aa 
follows—the  labor  being  rated  at  what  would  be  its  (air  valuation  under  normal  con- 
ditions of  emplovment: 

bit  tons  soft  coal,  atSi.OO. S2'20  00 

Salaiy  of  attendant 600  00 

Bepairs  and  suudriea 80  00 

S900(W 
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Tlie  coat  of  taking  care  of  the  sladge-pita  and  ntilization  gioondH  would  be  od- 
ditioDal,  but  it  is  doubtless  more  than  repaid  bv  the  pni'elv  agiicnltai&l  valae  of 
the  sewage  products  to  be  cared  for  and  diaposed  of  under  imj  rotional  sjstem  of 
treatment. 

Most  of  the  conductors  disconnected  from  these  works  have  been  reconnected 
with  the  old  brick  sewers,  whereby  a  complete  dotible  and  sepaiate  sjatem  of  aew- 
emge  i»  provided — the  storm  water  thus  tinding  ita  waj  into  the  river. 

'l'\vi  dye  refuse  and  washjug  water  from  the  hat  sbofis,  amonnting  to  about  50,000 
gallons  daily,  was  disimsed  of  by  an  independent  method,  having  been  collected 
and  [hurried  by  a  nix-inch  pi|>e  sewer  into  a  |>air  of  open  filter  beds  or  ainks,  contain- 
ing each  about  50U  Hipiaru  feel,  and  situated  on  the  slope  of  the  bluff  east  of  the 
prisim  yard,  wlieiv  it  soaked  uway  witliout  unNigl'tly  or  unplenaant  conBt^uenoe*. 
These  beds  or  sinks  were  made  in  duplicate,  to  enable  the  bottom  and  sloping  aideH 
of  either  one  to  be  raked  over,  and  the  nearly  impemous  deposit  of  felling  fibre 
thereunto  be  removed,  nrhile  the  other  was  in  one.  Tlie  removal  of  the  hat  indns- 
try  last  year  led  necessarily  to  the  abandonment  of  this  branch  of  the  works,  which 
is  not  therefore  sliown  upon  the  accompanying  plans. 

The  water  from  the  purifiers  of  the  gas-works,  nuder  an  arrangement  made  by 
the  resident  engineer  of  the  Ueformatorv,  flows  into  an  open  rectangnlar  pit  be- 
hind the  gas-house.  Across  one  end  of  the  pit  is  a  brick  partition  having  an  open- 
ing through  it  below  the  level  of  the  liquid  standing  thei«in.  The  gas  Uqaor  first 
enters  the  larger  compartment,  where  the  oil  and  light  combustible  componnds 
which  are  brought  along  with  it  gailier  upon  its  surface  and  remain  therein,  while 
the  water  itself  flows  throngli  the  submerged  opening  in  the  brick  partition  into 
the  smaller  compartment.  From  the  tatter  it  flows  ont  through  a  submerged  pipe 
orifice  into  a  drain  leading  into  one  of  the  old  brick  sewers,  and  thence  into  the 
river.  The  combustible  snpematant  matter  remaining  in  the  larger  compartment 
in  regularly  bnrned  off  twice  a  month. 

The  removn)  of  the  picture  moulding  shop,  which  wan  in  contemplatiou  at  the 
time  of  building  the  new  works,  has  since  been  carried  into  effect,  thus  taking  it 
out  of  tlie  drainar;c  problem.* 

•  Dispoul  of  Sewtige  at  the  UasBcbaivCts  Reformatory.  B;  Wm.  Wbeelsr,  C.B.,  7th  An. 
BepL  of  the  St.  Bd.  of  Health,  Liuaoj,  and  Cliarity  of  Mtm.   SnpploineQt,  ato.  (16ae>,  pp.  190- 
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The  Rhode  Islaud  State  Institutious,  conaisting  of  the  House  of 
Oorrection,  State  Aims  House,  State  Hospital  for  the  Insaue,  State 
Prison,  Soc^kaiiosaet  School  for  Boys,  antl  the  Oaklawii  School  for 
(xiils,  are  lot'ated  at  Cranstun,  ti  uhort  distance  west  of  the  eity  of 
I'rovidenre,  in  the  midst  of  a  tract  of  about  500  acres  of  laud  owned  by 
the  State. 

In  the  fall  of  1884,  the  Board  of  State  Charities  and  Corrections, 
which  has  charge  of  the  State  lustitntious,  requested  Samuel  M.  Gray, 
M.  Am.  Soc.  C-E.,  of  Providence,  to  auggestau  improved  method  for 
disposing  of  the  sewage,  which  previous  to  that  time  had  been  utilized 
to  Komp  extent  in  irrigation,  but  without  any  upecial  order  or  system. 
Mr.  Gray,  afti'r  investigation,  recommended  systematic  broad  irriga- 
tion, and  designated  a  number  of  areas  which  were  adapted  to  such  use. 
His  prelimiuiiry  report  wan  presented  to  the  General  Assembly  of 
Rhode  Island  the  f()llowirit,' spring,  and  au  Act  passed  appropriating 
$10,000,  and  authorizing  the  Controlling  Board  to  purchase  or  condemn, 
if  necessary,  not  exceeding  50  acres  of  land  to  be  used  specially  for 
irrigation.  Work  was  immediately  begun  on  the  eonstrnction  of  au 
experimental  irrigation  area,  for  the  disposal  of  the  sewage  from  the 
House  of  Correction.  Alms  House,  and  Insane  Hospital.  For  this 
purpose  the  sewage  wjis  collected  and  carried  to  a  field  some  500  feet 
eFist  from  the  buildings,  where  an  area  of  3.5  acres  was  prepared.  This 
area,  under  favorable  conditions,  was  considered  sufficient  to  tempo- 
rarily dispose  of  the  sewage  of  the  population  of  the  three  institutions 
named,  which  amounted  to  about  850  people,  and  to  also  serve  as  an 
index  of  what  could  bo  accomplished  by  land  purification  at  this  place. 

The  area  selected  was  of  somewhat  irregular  and  uneven  surface, 
with  the  top  soil,  ten  inches  in  depth,  of  fine  light  loam  underlaid  by  a 
sandy  subsoil  and  fine  gravel,  which  grows  coai-scr  as  the  depth  in- 
creases, until  at  the  depth  of  six  feet  it  is  composed  of  coarse  gravel 
and  sand  in  such  pwportions  as  to  form  a  nearly  ideal  material  forth© 
puriiioation  of  sewage.  A  plan  of  the  field  as  prepared  is  shown  by 
Fig.  74.  The  surface  of  the  field  was  first  graded  to  a  nniforni  .slope. 
and  the  field  then  underdrained  with  3-inch  and  4-iuch  round  tile,  laid 
from  6  to  6  feet  in  depth,  in  lines  about  40  feet  apart.     The  drains 
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are  Bhown  on  Fig.  74  by  dotted  lines,  the  fnll  lines  on  the  same  figure 
represeutiug  the  contours,  the  elevation  of  which  above  tide-water  are 
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thete  given.     The  3-ineh  drains  are  laid  nearly  at  right  angles  to  the 
oontourB,  and  empty  into  the  4-inch,  which  are  laid,  as  indicated,  along 
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the  lower  side  of  the  field  and  with  ti  giade  of  6  iuches  to  the  hundred 

feet.  The  outlet  of  the  4-iiJt;h  diuiii  is  at  the  point/,  Fig.  74.  At  the 
jiinctiun  of  eut'h  line  of  3-indi  with  the  4-inch  is  a,  brick  well,  8  inches 
sqnure  in  the  clear,  carried  above  the  tiles  about  4  ijiehea  and  covered 
with  brick.  The  chief  object  of  these  wells  is  to  ntTord  means  of  ex- 
amining the  drnius  when  necessary  without  breaking-  the  tiles.  The 
method  of  laying  the  tiles  has  been  described  aa  follows  : 

A  nniTow  treHch  was  excavaleil  tn  a  tiiie  K™Je,  anil  in  Ilio  trendi  were  laiJ  strips 
of  sprace  hoanls,  one  inch  tliick  and  aliont  tour  inches  wide,  upon  which  were 
placed  the  tiles  end  tii  end  and  cIosk  togetiior,  oach  joint  wound  witli  strips  of 
tarred  pa^Mir  abunt  four  iJiche^  in  widtli,  lnpj)i[i^  two  iucbes  on  each  tile  and  e\- 
teiidinR  twice  ui-oiind  it.  The  tilea,  a^i  fast  an 
laid,  were  covered  with  scieened  peu-gi-avel, 
free  from  sand,  to  a  depth  of  nboiit  three 
inches,  and  this  line  fjravel  was  in  turn  covered 
with  iibont  three  inches  of  coarse  !,TBvel,  an 
ikbundauce  of  ttiis  matiiriul,  coarse  Aud  tioo, 
having  been  obtaiai;d  fjom  excitTatimiH  on  tho 
Held.  Tlie  trendies  were  tliuu  back-tilled, 
care  having  been  tjiki^n  to  pai'k  the  earth  s<tl- 
idlv.  The  tile-drains  having  been  conipleled, 
the  siii-fftce  of  the  tiehl  was  again  evened  and 
the  soil  replaced  where  if  had  been  iirevioasly 
removed  in  grailing. 

In  order  to  form  a  bjisin  to  retain  the 
Bewajre,  if  necessary,  in  winter  when  the 
ground  is  frozen,  und  iilso  to  prevent 
its  possible  esciipe  without  filtration  at 
any  time  into  the  Pawtuxet  river  near 
by,  fi'om  which  tlie  water  supply  of  the 
city  of  Providence  is  derived,  an  em- 
bankment was  built  around  the  three 
low  sides  of  the  field,  as  shown  in  Fig. 
74.  The  following  is  a  description  of 
the  works ; 

The  sewage  is  conveyed  to  the  fiold  in  it  six- 
inch  Akron  pipe  und  discharfted  into  a  wire- 
biiBket  (at  liie  point/.  Fin-  74,  ui«o  shown  in 
Ihe  plan  and  section  of  the  screenini;  well, 
Fig.  7oj.  The  nae  of  the  liaskel  is  to  catch 
ra^fs  or  oilier  niBtecials  coming  from  the  In- 
siitntions  through  the  six-inch  pijw,  wlu'ch,  if 
not  removed,  might  interfere  with  the  projjpr 
distribution  of  the  Bowage  upon  the  field.  Af- 
ter iMiHsiag  through  the  basket  the  sewage 
runs  into  a  brick  well,  and  from  thence  flows  in  a  caiTJer  or  froiigli  along  the  up- 
per or  westerly  side  of  the  tielil,  from  which  carrier  it  is  discharged  at  nine  differ- 
ent points  by  a  system  of  gates,  as  described  farther  on  ;  or  llie  sewage  may  be 
discharged  direcfly  upon  the  lield  from  the  well,  aa  shown  at  B.  Fig.  74. 

The  carrier  was  constructed  iu  Ihe  following  manner  (see  F^g.  7G) :  To  provide 
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It  foutnlfttion  which  should  be  affected  as  litlle  as  poasible  bv  frost,  a  trench  «■» 
ilug,  three  feet  wide  at  the  top  and  two  aud  oae-bnlf  feet  wide  at  the  bottom,  b»viij|; 
H  depth  of  three  feet.  This  nas  filled  to  a  point  two  feet  und  eiglit  inches  Iiiim  thn 
liotlom  with  loose  stone  eloseij  pncked,  t!ie  opjiei*  iuyer  comixiaed  of  pieces  uhonl 
line  inch  in  diameter.  On  thin  Htoiie  fonndation  concrete  was  laid  ubout  four  inchr.* 
ill  depth,  coiiipoHtd  of  uiiQ  purt  cement  and  four  pai'tft  gravel  and  sand,  and  upon  tint 
t<ip  of  this  the  I'arriur  resin.  To  form  jirnjierlv  this  eoiierclo  bed,  boards  tntdnt 
feet  long  and  nine  inches  wide  weie  placed  nearly  upright  and  iu  the  direction  ol 
llie  carrier,  llje  bottom  odyos  eighteuu  and  the  wpjiei-  edges  sixteen  inches  apart, 
giving  a  I'Utter  of  one  incli  Iu  euL-li  iiide  of  the  bed.  To  hold  in  position  the  boai'itv 
thus  placed,  .ihort  strips  of  wood  notched  iieur  the  cxtiiiiiiilieM  were  phiced  acii>sa 
the  boards,  near  the  pjids  and  in  uLiddle,  both  above  and  below,  the  t-dges  o£  Uxo 
lioord  tlttiiig  closely  into  the  notches  of  the  strijts,  A  phm  and  eud-vietr  of  ona  sat 
of  boarde  and  ceosa-pieuea  iu  positiuu  are  shown  at  G  eiod  H,  Fig,  76. 


ont  Trtnctl- 
Sio.  76.— DBTAIL8  OP  Carrier  ahd  Drain,  Bhodb  Island  State  iNsrmrnOOT. 

The  carrier  itwslf  is  made  of  twelve-inch  vitrified  pi]>e  divided  loiifiiludinaUy  in 
the  centre,  makini^  what  is  known  as  "  split  pi]>e,"  This  is  done  by  entling  groovea 
in  the  ciiiy  while  soft  before  lialdng,  so  that  when  taken  from  tiie  kiln  the  pipes  anj 
easily  divided  into  two  InnR'itiidinal  Hections  of  eqnal  size. 

These  half- pipes  were  placed  to  line  niid  prade  n|»ni  llie  eiincrete  bed  so  as  to  torin 
a  contiunons  trough,  and  Vmcked  up  with  brick  and  cement.  (See  seclioii  of  eai- 
rier  on  Fifj.  70.)  Along  the  line  of  cairier,  at  distances  of  about  odc  hundred  feet. 
were  placed  iron  castings,  encli  casting  takin;-  the  place  of  n  seclioti  of  the  vilirti-tl 
bait-pipe,  having  the  same  tiongh-like  foiiii,  and  nrmnftcd  with  a  syslcni  of  gnicn 
aa  before  mentioned.  Tlieae  niu  shown  in  pinn  and  eieiiilinn  on  Fig.  7t!,  fiimi 
which  ft  better  conception  can  be  formeil  than  from  description.  By  means  iif 
these  gates  the  whole  or  jmrt  of  the  sewage  may  lie  discharged  npon  the  field  ot 
any  of  the  points  whore  these  costings  and  gates  are  placed, 

The  most  diSicult  enfiineering  operntioii  rolatitij?  to  the  sewa^jjo  of  tli« 
State  Iustitutioa»,  namely,  that  of  rlisposintr  "f  the  sewajfe  of  the  Statw 
Priaou,  was  not  entered  into  in  1885,  there  being  no  portion  of  the 
area  ali-einly  owned  by  the  State  upon  which  the  sewage  could  be  de- 
livered by  ^-avity  which  was  eonsidei-ed  anitable  for  broad  irrijintion, 
and  the  alternative  of  pumping  the  prison  uewage  upon  suitable  arew 
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uf  the  Stut«  land  was  thoug'ht  to  have  so  luauy  objeirtio liable  fentiires 
that  ita  adoption  was  not  deemed  iidvieable.  unless  it  should  prove 
impracticable  to  obtain,  by  purchase  or  otherwise,  sufficient  laud  so 
located  with  reference  to  the  prison  as  to  permit  delivering  the  sew- 
age thcreun  by  gravity.  It  was  to  meet  this  difficulty  that  the  Act  au- 
thorizing the  purchase  of  additional  land  was  passed.  Under  its  pro- 
visions 11  little  over  12  acres  were  purchased  for  the  sum  of  ^3,959.79. 

A  definite  statement  of  the  cost  of  the  work  cannot  be  given,  inas- 
much as  the  manual  labor  needed  for  ili-aining',  gi'ailiug,  etc.,  was  fur- 
nished by  the  inmates,  under  the  direction  of  the  Superintendent  of 
Htate  Institutions.  Aside  from  such  labor  there  was  paid  ont  on  Jic- 
couut  of  cnnstrnctiou,  up  to  1  )(;ccmber  31,  1885,  the  sum  of  $3.i24.12. 

The  iliri'ct  supervision  of  the  constrnetion  W(n-k  was  intrusted  to 
Josfjdi  A.  Lathaiu,  ('.E,,  who  acted  under  the  dirLction  of  Mr.  (hay. 

In  regard  to  the  winter  disposal  at  this  place,  the  following  state- 
ment was  made  by  Frederick  P.  Hteunis,  M.  .Vni.  Hoc.  C.E,,  in  a  dis- 
cussion of  sewage  disposal  before  the  Boston  Society  of  Civil  Engi- 
neeiij  on  February  16,  1888 : 

I  visited  the  sewn^e  disposal  afea  of  the  Btate  InstitutiouH  at  Cmusloii,  R.  I.,  on 
the  38th  day  of  Jauiiavv,  ISHf*.  The  tempei-atuie  of  tlie  aiv  in  the  luoniing  Mas 
—  19.i°  C.  V-V  below  nero  F.).  anil  at  one  V.m.,  at  tho  tinie  of  the  visit.  —15.6'  C, 
(4°  F,).  Tliis  was  ouo  of  the  coldest  daytt  of  the  aeatoM,  at  (he  end  of  a  very  cold 
week,  and  near  the  «u<l  of  the  coldest  January  aitjce  1857. 

Tlie  po|mlatioiiH  of  tlie  in.stilutioiia  twiitrilmliiig  sewafre  was  abont  1,000,  and  the 
mean  flnn-  nlinnt  fWl.lMW  gal.  ])er  day.  The  sewage  was  boiug'  fumed  upon  a  level 
tract  of  aljout  2  -">  iiciea.  The  surface  of  the  ground  was  geiieiiilly  covered  with  iee 
ubout  5  iurhes  thick.  Near  where  tlie  sewage  went  upon  the  field  it  wus  not  tro/eu. 
Beyond  thi.'i  il  ap]ieai'eil  to  ba  flowing  over  Ibe  ice,  aniJ  a  new  layer  wa.t  foitning 
npon  tlie  siiiface  of  the  sewage.  To  all  appearaTicas  very  little  sewage  was  euter- 
ing  the  Ki'onud.  It  in  evident,  however,  either  that  llie  sewage  did  enter  the 
ground  or  that  it  had  been  tiltering  'hrougli  prior  to  this  time,  as  the  total  aceu- 
mulation  of  ice  upon  the  surface  did  not  reiin^sent  more  than  M  days'  flow  of  the 
"ewaRe,  and  a  lari!";  portion  of  it  wa.s  probably  due  to  rain  and  snow,  tlie  precipita- 
tion for  the  month  liaviuff  beeu  iJi  inelies.  Tlie  areas  were  bo  arranged  that  no 
sewage  could  run  off  over  the  surface. 

Not  oiily  was  the  weather  very  cold,  bnt  the  temi)erBture  of  tbe  sewage,  4,7°  C. 
(40.6"  F.).  wa«  unusually  low.  The  average  t.empemture  of  Medfleld  sewage  in 
January,  ISHH.  as  deduced  from  daily  observations,  was  IB"  0.  (60  7*  F),  The 
mean  tera|>erature  nf  sewrtRe  of  the  Concord  Retormatoi-y  during  the  liu-t  week  in 
JanuaiT  was  11.1°  C.  [.'tl.!)^  P.).  The  mean  Ipniperature  of  Boston  sewatie  during 
Oiin  month  was  0,3'  C,  (13.3°  F.). 

Becent  statements  in  regard  to  the  condition  of  the  purification 
works  at  Oranston  are  lacking,  as  are  also  statements  aa  to  the  actual 
cost  of  operation  ;  Ijnt  the  latter  item  is  quite  small,  since  indepen- 
dent of  the  use  of  a  portion  uf  the  aewage  for  the  irritfatibu  of  crope  it 
requires  considerably  less  than  the  time  of  one  miin.* 

"  The  dbief  Aoiircc  of  infommtjon  iu  tcgarit  to  the  diflpobhl  wcrka  At  CtuiMtiin  14  Ibe  ITth  An. 
Aspt.  of  tlia  BJ.  Cbuities  and  Oorrectioiie  of  R.  L  for  10^     Alio  vx  Eas-  i  Bltl.  Beod,  tdL 
)  liiL.  p.  3^  (M&TBb  4,  ISSd). 
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INTERMITTENT    FILTRATION  AND  BROAD    IBRIOATION  AT    SOUTH 
FRAMINGHAM,   MAtiHACHU SETTS. 

The  town  oi  FrauingLaiu,  Maseiichusetts,  of  which  South  Framing- 
ham  is  the  prinuipai  village,  is  situated  in  the  draiiiitge  area  of  Lake 
(."ochituftte,  from  which  a  portion  of  tht>  wiitt'r  supply  of  Boston  is  de- 
rived, jiH  ia  shown  by  Fig.  77.  I'atil  recently  thf  sewage  of  thd  town 
huK  riiiwed  into  Beaver  Dam  bi'ook,  a  tributary  of  Lake  Cochituate. 
In  the  latter  pju"t  of  the  year  1889  complete  sewei-uge  and  sewage 
diNpot>al  woi'ks  were  completed  and  pnt  in  operation. 

A  pniject  for  the  disposal  of  the  sewage  of  South  Fnimiii^hani  was 
elaborated  by  Eliot  (.'.  Clark,  M.  Am.  Soc,  C.E.,  in  his  report  to  tlie 
Ma8sftcliusctt»  Drainage  ComuiiHsion  in  1885.*  At  tliat  time  it  was 
pro|)Ose(I  to  t-onvey  the  sewag-e  from  the  towns  of  Ashliiml  and  Natick 
and  the  village  of  Simth  Framiiigham,  and  idso  from  SherV>orn  prison, 
to  a  common  point  for  dispoBal— a  trai^t  of  land  jnst  outside  of  the 
Lake  Cocliituate  dniiunge  ari'ft  and  in  the  area  of  the  lower  Sn^bur)' 
river  basin  being  selected  for  this  purpose.  Mr.  (lark's  proposition 
was  to  purify  the  eombincd  sewage  of  the  towns  and  the  prison  by 
mtermittent  filtration  at  this  point.  His  plan  included  tlie  deliver>'  of 
all  the  sewage  at  a  pumping  statiim  to  be  located  near  t]i<-  Bostou 
and  Albany  railroad,  a  little  west  from  tlie  estuary  of  the  Beaver  Dam 
brook,  and  from  that  poiiit  to  be  delivered  through  a  force  main  to  the 
proposed  filtration  area,  about  one  mile  to  the  north.f 

The  selectmen  of  Framiiigham,  in  the  latter  part  of  1886,  engaged 

•  Ai  ™rly  u  ISTlt.  Dcmncmil  Fit«Oor«ld,  M.  Am.  Site.  CK.,  from  ono  of  whcue  rp|ii-it>  lit 
m»(i.  Pig.  77,  was  nriBiniiJIy  Uki^n,  Iwpin  to  urge  the  imparteniw  nf  excluding  *e*«ge  (rcini  Uh 
ItiHton  wfttcr  tiipi'ly.  Fiutl]('r  ilrMli  nf  thia  moTrmont  an  the  part  of  Bostdo  vr  |[lT«n  in  Hag' 
N™.,  vol.  mil.,  pp.  9H-0B-rAuK.  ^,  1819), 

t  By  the  PiiliUo  Rututn  of  Miu>»cliui>cttB,  Chsptcr  pighty,  Snctiun  ninrty-ili.  it  u  pniticled: 

Xi>  ffKKiie,  draiuage  or  rpfuwi  of  ]>"lliitin|{  matter  nf  Biich  kind  nni!  nmiHiiil  hk  ejthrr  by  itMlf  oi 
in  rnniifirtinn  with  t'th»r  matUr  will  corrupt  or  impair  the  quality  of  thfr  wMrr  of  any  pond  ot 
■tTvnm  hcroinaftf^r  referred  to,  for  domestic  uao,  or  reniler  it  ii'jurioas  t»*  lieaLth.  an  ■  du  hiimaJt 
*icrpinent  shall  be  di-oliargfd  into  any  i-onJ  uwd  a»  a  noaree  of  wsipr  mpply  bj  a  city  ot  lown. 
or  iipun  whom  banks  any  Kltrr  baain  ao  uanl  in  Kitiiatml  witliin  Qtlinilfi  ulxive  the  puint  wb*n 
■null  supply  it  lakrn.  ur  iiito  any  fecdera  of  «uch  ponils  or  iitr<>ann  within  tmih  '20  milFt. 

Il  I*  therefore  questionable  wlirthcr  any  town  in  that  State  bne  a  ri^ht  to  diKharfte  a  purified 
rfflupnt  into  any  itream.  pond,  or  lake  which  i»  tither  the  Bouroi!  of  a  water  lupjily  ot  trilmtarx  to 
one  within  30  miles  from  the  pnint  nf  diKharge.  Undi^i  the  Stutule  it  woidd  appear  nnxvuary 
to  ihow  thv  effluent  entirely  free  from  pollnting  mattet.  before  iti  discharge  wonld  beootne  per- 
mipi^iblp 
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S.  C.  Heald,  M.  Am.  Soc.  C.E.,  of  Boston,  to  mtike  the  necesaary 
survt'yn  iinil  phins  for  sewei'itgu  unil  st-wiiyo  diBposal  works  for  that 
towu  iiione,  aud  proceeLled  to  obtain  from  the  Legialtiture  an  ttct  au- 
tlionaiiifj  the  tow]i  to  couBtrm;t  ami  luiiiutHiii  a  system  i>f  sewtige  diB- 
posal. 

lu  the  lueiUitime  H.  H.  Carter,  C.E.,  acting  as  eugiueer  for  the 
Boatoii  AVater  Board,  had  reported  in  Janoary,   1887,  that  the  best 
method  for  diisposiiis  of  the  new- 
age  of  South  1-rumiiigham  was  by 
liltratiou  at  Biibstaiitially  the  loca- 
tiou  sc'teutfd  by  Mr.  Clark  m  1885. 

Mr.  Heakl.  aa  eugiueer  for  the 
towii,  8«l)mitted  bis  report  to  the 
Sewenige  Committee  in  August, 
1887.    He  propoaed  a  separate  nyn- 


o 
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tern  of  sewers,  with  disposal  at  the  point  previously  indicated  in  the 
reports  of  Messrs,  Chirk  and  Carter.  Tlio  sewage  would  flow  by 
gravity  to  a  point  nuar  the  east  line  of  the  town  of  Framiugham, 
where  a  receiving  tank  and  pumping  station  would  lie  located, 
from  which  the  sewage  was  to  be  forced  to  a  disposal  area  substan- 
tially as  proposed  in  the  original  report  of  Mr.  Clark  in  188.5.  For  tlie 
main  outfall  sewer  in  Waverly  street  he  proposed  a  pipe  16  inches  in 
diameter,  laid  to  a  grade  of  1  foot  in  400. 

The  present  pojiulation  to  be  provided  for    is  about  5,000,  and  a 
volume  of  about  7.5  gallons  per  capita  per  day  was  considered  a  safe 
basis  for  estimate, 
81 
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Ill  regard  to  the  disposal  area,  Mr.  Heald,  in  his  report  of  1687, 
says: 

If  we  avoid  the  denaer  olft^s  as  altogether  QusuitAble  (uuleas  thev  are  bo  alt«red 
in  their  ouiiditiou  l>_v  uiuiiig,  biirniug,  etc.,  as  to  loiie  tlieir  natural  thiimplcr),  and 
M^lati;  the  ii|i]ilicftliozi  iif  the  sewft(;e  to  otlinr  soils  within  the  limits  of  one  than- 
HUid  jiersDiis  to  the  iicre  to  tho.ve  most  ^ni{ablv  cuustittileii.  Htid  Ino  hnudreil  uid 
fiflv  i>t>rsou8  lo  lilt?  ucru  lu  tliuao  limiil  ouitablv  cuustitaled,  ail  other  ilescriplioni 
of  I'liltivikble  land  mav  be  Djadi'  I'apalile  of  tilttulinii. 

For  the  jui'seiit  uanls  of  tlie  lowu  I  would  advisi-  tnkiu^  abmii  t-i^hly-five  »cn-i 
of  Iftnd  UQ  the  itQitUerlv  nide  of  the  ^Vo^ce8te^  luiuiiike  anil  wcaterly  of  tho  ro«d 
leadiDg  from  said  turnpike  to  Saiouville.  ijhould  the  touii  at  any  time  desire  to 
iiu'rea.se  t)ie  area  of  its  fanii,  ndditioujil  land  euuld  be  obtaiued  on  the  nortlierjT 
■ide  of  the  brook  that  erossc's  the  Woreestfr  tmiipike  near  the  town  line,  and  land 
on  the  ea>lerly  side  of  eaid  road  to  Saiouville. 

The  soil  is  well  Knit«d  fni-  llie  )iui'il]mtii.iti  ■>[  tteua^^e.  the  sTirface  being  of  light 
saady  loaui  and  the  subsoil  lor  the  jiteater  imri  lieiiiK  i.H*i-se  pravel. 

1  have  reserved  al<out  ten  ai'reH  of  the  loud  lor  inleniiilleul  filtration,  the  rr- 
maiiider  to  be  osed  for  liniad  iirigation.  The  fillraliou  arta  is  to  be  dinded  iuki 
nine  Sehlf,  eoi-li  of  which  contains  nearly  ati  sere  of  laud ;  each  Held  is  to  be  snr- 
lonudi'd  by  an  I'arth  enibnnkniPiit  ihrit>  fei'l  high.  These  fields  are  at  different 
elevaiiouH,  di')>eudiug  u]H~>n  the  nutmitl  ele\atiou  of  the  huid.  lunch  field  ia  giicii 
aD  elevation  that  would  rei^uire  [be  least  amuuut  of  labt^r  to  bring  it  to  a  neuHy 
leTBl  surface.  Iti  prei«ring  a  Held,  after  it  1ms  be^n  projierly  (.-nided,  a  ditch  or 
carrier  about  Iwofi-et  wide  and  one  foot  deep  is  formed  on  oiipsidcot  the  field,  atiil 
at  right  angU's  nith  the  currier  a  series  of  (iirixms  is  made.  Tito  (urn>w»  are  (ri'iu 
four  to  fire  feel  apurt  from  ct'ntre  to  renire,  and  divide  the  fiehl  into  long,  iiarrov 
beds,  llie  lieds  may  be  used  for  raisiug  rimt  croie.  the  seva^  floning  throngb 
the  carriers  and  furrows  without  coming  in  contact  with  the  vegeiBblrs  in  the  bed*. 

In  practiee  it  may  be  found  tlini  the  filtiutiou  tieldti  aie  nut  ii<-eded  during  the 
■ummer  months — that  the  area  devolp<l  to  btiiad  irrigation  and  the  deuiaiids  for 
sewage  from  the  owners  of  land  along  the  line  of  the  fon^  main,  even  in  lain; 
we*tber,  will  be  sufficient  to  dit>|H«e  of  all  the  M'Wagti. 

If  sucli  should  Iw  the  case  the  liidds  niay  l*  used  to  take  the  ftwnge  dnring  th* 
winter  inoRlh<t.  and  in  (he  summer  any  snilable  crop  could  lie  ibIpaI  in  th«n  with- 
ont  any  esjiecial  prvfHUaiion  of  the  beds. 

By  liaviug  enihonknients  aniund  them,  the  field>  ran  lie  fiuuled  to  ■  depth  of  al 
lesst  Inv  feet,  >hould  ocrasion  tpiiHire  it. 

It  ia  impossible  to  slate  JDst  how  a  sewage  farm  lihiinld  be  cuixlncted  in  nrdn  l» 
attain  Om  best  naalts  in  naitect  to  t-roiw,  or  jnsi  what  rrn|«  ^bnnld  W  raiM>d  ;  hat 
for  Itia  atc«  (k>to4mI  to  l>tv«d  iirigation  a  grass  eto^>  would  nndoabtcdly  l>e  tW 
liaat.  Sntue  nf  the  laud  to  tw  de\oleil  to  the  bnvit  urigalioa  maT  tio  {-Ir-nghrd  ts 
llMtaMtiiiBn  and  lay  fallow,  rtHvivini;  dnring  tin*  winl>-i  an  la-vaNoml  drvssiog  of 
W«aK«t  and  iu  tlu>  ^prinx  crosa-pjoagbeil  and  a  i-n>p  "'  '^"^  <>f  *^^'  started. 

th»  anta  to  be  ih"rotM  to  stvage  [aiming  'honhl  l>r  lhonxtKl.l>  cleared  ol  aR 
lrve«  and  bnwh.  The  wwagv  tuay  then  l>e  at>i>'<'<t  *">^  '^  l*"^  ^'  gnilBall.v  pit 
into  a  aailaU*  eowlitJnD  for  tli«  growth  of  giaKn  nr  mIi^f  i~TO|ie. 

The  ar««  ol  laod  nt««tmtnA^  U>  be  takmi  will  ttixloiibiMllr  hr  mtta^ui  ttt 
meet  the  wmnlfi  «l  itw  tttwn  (tW-  at  leasl  flftvrii  y><ars.  and  the  additiuaial  land  r*- 
tenvd  to  wfHild  b*  aait^  tm  any  pri>l«ble  gn>«th  «f  ilx-  tawv. 

Ib  adnsins  yonr  town  to  ailnpt  lhi-<  mrlliotl  of  difptoong  nl  iti*  nrwaf^r  I  am  IkA 
ItWug  aMTthinic  <>xperiii>enlal.  In  Knalaiid  ll>e  9Ub«  tnslmeat  of  scwmtf*  ha 
.MB  in  wMwiaafwl  openiion  for  i>nuty  thirty  i*art.  On  ihv  ContiiMnl  the  follow- 
l»f  «dliM.  l«Tiag  a  w iniei  climate  tK«r1«  like iLal  14  MaaaM^BiMt*.  tlis|Mw  i>f  IImm 
•BWaft"  WIMB  tbe  Uiid 

Uiiitig,  in  IKTl,  i-inniuriH-wl  ti>  iK^ioe*  of  ib  owwf  in  this  WMaaar.  In  1813 
BmUd  d«ciitnl  la  adiifrf  tba>  ■BMi*  Tat^eA,  and  «W  faUawMd  in  a  few  yaaia  by  Bn*- 
las,  a&d  qotl*  tooootly  by  FianklMt. 
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TliK  cost  of  [mm|iiiig  and  caring  for  the  sewage  at  the  farm  u  estimated  at 
Inenty-Beren  hiiuili'iMi  doUara  (S2,700)  per  year. 

Mr.  Heald'ii  report  is  aeoompauied  by  a  report  by  Phinehaa  Ball, 
t'.E.,  of  WorcL'ater,  in  which  the  pliuix  and  iiriiinD'ements  proposed 
by  Mr.  H<«uM  arH  stroiif^ly  t'ommeiided. 

The  Spwerafje  Comiuittef  of  the  town,  huviiig'  acft^pted  Mr.  Ueuhlu 
report,  proforded  to  iiegotijitf  with  tlw  Bowtnu  Water  Board  m  order 
to  asc'ortiiiu  how  mmrh  the  city  (if  Boston  would  I'uiitiiljute  toward 
llip  espmise  of  thtj  coiiMtnu'tion  of  sui'h  system  of  sewerage  aiid  of  Hew- 
afje  diMpusdl  fur  South  Fniiiiiii^liaiii  as  wimhl  renult  in  preveutiiig  the 
flow  of  ELiiy  uf  the  sewii^'L'  of  thf  towu  into  the  triljutary  streauis  of 
Lake  Cochitiiate,  As  the  reMult  of  the  negotiation  on  the  part  of  the 
n  Sewenifje  (.'orniiiittoc,  tiie  Uuwtoii  Water  Board  proposed  to  i-ou- 
ute  tweuty-hve  thousand  doUars  (?25,LI0(I)  whenever  the  town  should 
complete  and  put  in  service  ho  mueli  of  the  systiim  devised  by  Mr. 
Heald  as  provided  for  tlie  irrig-atiou  tield,  force  main,  pumping'  plant, 
and  main  tniuk  line  aewer  from  Bi-idyos  street  to  the  pumpiiiii  wtation, 
provided  that  said  work  shuuUi  lie  completed  on  or  before  December 
SI,  1889. 

Upon  receipt  of  this  proposition,  the  Town  Scweni^e  Committee 
Bubmittod  the  offer  uf  the  Boston  Water  Board  tu  the  Hon.  Wm.  Oas- 
ton  tor  a  written  opinion  as  to  tlje  validity  and  the  power  of  the 
Water  Board  to  bind  the  city  of  Boston  to  such  payment. 

Tho  following^  is  the  opinion  received: 

Boston,  Febraaty  7,  1888. 
To  THB  Drainaue  CotitumBB 

OF  TRB  Town  op  Fbuhnuham,  Mabb. 

Gbsti^bmbn  :  RetfrritiB  lo  llie  letter  adih-eased  to  tbe  inliabitanta  of  the  town  of 
Framiagliftin  bv  the  Boston  Walsr  Board,  and  approved  by  the  Mayor  ot  Boston 
Feliniary  'M.  IHW.  uonceriiing  whic-h  our  0|iiliin!i  has  been  asked,  we  beg  leave  lo 
Hiiy  Iliiit  ne  have  exainincd  Ihn  tauu:  luid  uri'  of  tlie  i>|)i[ii»n  as  fulloWB  r 

By  the  [imvinions  nE  ChicptiT  VST  of  thp  Aeln  of  lh<?  year  1846,  eutitlud  uri  ■■  Act 
fur  HO|iplying  the  City  ..f  Huston  with  pni^e  water,"  this  cily  is,  after  aa  ennmeration 
of  varions  powers,  liiially  anthoiiztHl  at  the  close  of  the  second  section  of  the  Act,  to 
do  "  any  other  acts  and  things  neeessaiy  or  convenient  and  proper  for  the  purpoMtt 
of  this  act ;  "  this  same  general  power  was  also  conffcriiil  npon  the  city  by  the  pro- 
visions of  ChBpt<'r  177  of  the  Acts  of  the  Ti-ar  1872,  in  referenee  to  the  supply  of 
pure  water  to  tlu'  uity  of  Boston  froni  Sndlmry  viivr  and  Farm  pond. 

Tile  powers  thus  given  to  llio  city  (wliii.'h  in  onr  opiiiloii  shonld  be  construed 
iiln?i-ally)  were,  under  thfi  provisions  of  Chapter  8(1  of  the  Arlw  of  (lie  year  lS7.'i, 
Jind  of  an  ordinance  passed  by  the  City  Coiini-il,  Iherriiind.-r  transferied,  so  far  an 
they  could  legally  be  delegated,  to  the  Boston  Water  BnaHl.  In  our  ind^jnient  (hu 
general  |iowci-s  above  recited  in  tlie  Acts  of  1841!  and  1H7'2  cnnid  thus  bo  legally 
deles;ut«d,  nnd  are  now  vested  in  tlie  Water  Board. 

That  Board  has  therefore,  in  oni'  opinion,  the  power  to  do  any  acta  and  things  nec- 
eiiaary  or  convenient  and  propiT  for  the  pui'pEjse  of  siip[)lyijjK  pure  water  to  Boston, 
either  from  Lake  Coehitnale  or  from  Siidbniy  livor  or  Farm  pond.  There  can  be 
no  doubt  that  any  system  of  sewei-age  which  has  for  its  object  the  renioral  and  dis- 
charge  of  sewage  and  pnllnting  substances  which  now  nnlurally  drain  iiilo  tint 
above  soiirces  of  Bostou's  water  BQpplj,  to  a  point  outside  the  watershed  fnriii8bin([ 
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such  snpply,  is  &  proper  anil  convenient  tiling  for  accomplishing  the  prnqtose  uf  llin 
Iwo  acts  iiauieJ,  viz.,  lo  give  Boston  pure  wuter.     And  we  are  iiccoitlingly  ot  ojiiii- 
ion  that  tlie  Boston  Watei-  Boiird  lias  tbe  power  to  fontnbnte,  tir  ugi-ee  for  iLe  tilj^ 
to  contribute,  any  sum  which  it  deema  projier  towards  the  coDstruclioD  of   KUi-tij 
scwcl'age  system.     It  can  in  our  judgment  make  no  dilToreuce  so  fat  as  BostoL  ial 
fuiiceniud  whether  the  l>(.-ne(icial  work  iio  paid  for  bj  Itoslon  ik  dime  by  jwisoii*^ 
directly   in  Ibe  emphiv  or  by  the  town  of  Fnimingbaw  in  ita  municipal  rbaincier. 
In  uDr  view  the  pnipoKed  oontinct,  if  duly  ac('c|ited  by  the  town  of  Fi'aniin^liniu.  is 
binding  on  the  city  of  Boston.      Under  the  provisions  of  the  new  city  ehaitci'  (Kl. 
IISSS,  C'b.  'ilifi,  S.  fi),   the  city  of  Boslou  is  prohibited  from  incurring  any  liabiiityl 
licyriiid  iliea|i|irii]iriutiiiii  duly  made  therefor.    We  aie  iiiforuitil  bv  tin- City  Auditor 
lliat  the  sum  "f  ^O.UOt)  has  lieeu  duly  iijipropiiated   by  the  City  Council  to  be 
ex|«.'ndeil  by  the  Water  Biuird  for  the  proteclinn  of  the  purity  of  the  water  supply 
by  i^reenieuls  with  tlie  towns  of  Frsniint^ham  and  Miu-ll>nr'>ngb,  and  tliut  the  »iud 
o(  money  iv  Ktill  oii  haml.     Wo  tiud  upnu  a  i-eceiit  eimfeienuu  with  the  Corpumtiun 
G>ttiiHel  of  Boston  tlial  he  conctus  in  the  above  views. 

y GUI'S  i*Hi)ecl fully, 

Oasioh  4  WHrrmt. 

The  Conimittep  tUereiipoii  re  com  in  en  (led  tlie  acceptance  of  tlie 
proposition  of  tlif  Boj^Iou  AVater  Boaril. 

In  the  lueuntiuie  Mr.  HealtlV  pluu)^  had  been  submitted  to  the  Stiite 
Board  of  Health,  whii'h.  after  duo  uonsideration,  reported,  iu  regard  to 

theiu  as  foUuws  i 

OmcR  OP  Tim  St.itr  Bo.vrd  of  Healtb, 

13  Bbawn  St.,  Boston,  May  13,  1888. 
To  im  OoMMiRB  on  Skwkraob,  Fitu[iNOH«ii,  Mass. 

Gtexnjnm :  Id  ieti)>uu»'  lu  tbe  appliedtiou  from  the  lovn  of  FramiitghaBi  of 
March  1,  1888,  giving  notice  of  llicir  intention  to  intit>dnc«  &  system  of  seweisfnj 
and  asking  advice  a?  to  the  boat  practicable  iiii^thod  of  diRposing  of  tbeir  wwagV^J 
and  approval  of  the  plans  presented  pursuant  lo  Chapter  403  of  the  Acts  of  1887,1 
the  State  Bomii)  of  Health,  afier  fourteen  days'  notice  by  publicntion  in  Ibe  De«*-J 
f«)iers  of  Framingham  and  Niilick,  and  ofltcial  ni'lii'e  in  mritiug  to  tbe  SeJectiiien>| 
«f  the  tunn  of  Natick  of  the  pre^sentation  to  it  of  sneb  system  for  iis  dpinoral,  gSTttj 
■  public  liedting  al  tbe  State  House  iu  Biuion  on  the  24tb  tlay  ol  Apiil  to  all  tn-l 
lervstt^l  in  .'taiil  tystem,  and  after  <'3ri>fnl  examination  uE  the  plaaa  pnaeoted  and  j 
of  the  |>ro|Hi9etl  hx^tiou  of  grounds  tor  sewage  dis|>usaJ  audiheirmmiDndiDgfi,botk] 
liT  {iei-!>onal  ex.imination  and  by  its  engineers,  this  approvirs  of  tbe  tli»poeal  f>f  turn 
mge  "f  Ftainiugbam  by  irrigation  and  iuienuittent  tiltration  npon  ll>e  tract  of  laad 
<H>utnining  sixty-eight  acres,  seleeieil  by  the  town,  which  is  loeuvil  iu  (be  toim  i 
Katicb  on  Ih^  northerly  side  of  the  Worresler  turnpike  and  outsit  of  tli«  Bo8t<4l] 
water  supply   iM'in.      A.t  tbe  nielliod  of  dispCMKl  of  r«arage  a|ion  litis   U««t  is  i 

Sl1.>senIe^l  by  llie  town  with  snBieient  cle«n>eaa  to  enable  Ibis  Boanl  lo  apjiroT*  ■ 
is«ppnive  of  the  same  in  detail,  the  Boonl  Um^fore  ap|irov«B  tbe  ajstem  as  modi- 
BmI  and  BUK-nded  a»  follows : 

Tbe  it'H  age  sbonbl  Im>  apiilied  lo  so  mwdt  of  th«  surface  of  tbe  tiact  o(  land  i 
niorv  than  (our  lr*t  aUn-n  Ibe  level  in  suBUner  of  i1m>  «»>»r  in  tbe  bmok  diai 
tlie  tinct.  and  at   or  near  this  beigbt  oa  lb*  sU>|w  tnmida  ll>«  brook,  and 
tbe  lower  lioriler  of  tbe  tnu.-t  Upon  whieh  aawtta  ia  to  b»  applMd,  in  thoM  mi 
not  sk'ping  ditivily  lovarda  tb«  Wiul.  tketv  thaXl  be  coaslraeted  an  emlaBl 
ot  earlb  as  uiucb  as  one  foot  hi|rb  mhtmt  tbe  adjanrnl   snrfac«  lo  wbicb  8e««^  ti 
be  appli<»l,  auit   (onr  fn>l  vid*.  wbirh  shall  at  at]   linw  ba  msintaiDnl  at  bi 
beiebi  as  lo  ptvvf  nt  any  irwt^^  apfilird  to  tb»  M»tw«  tron  flowinc;  tmr  tb*  i 
btoe  of  th<'  griHind  into  ibe  brook  or  vptfo  adjotaiag  tabd;  and  tbr  Ri'sti!  Far 
Murndi  bv  dirm-lirig  that  lli»  loi>  of  the  nndccdrains  to  cuovt^  tb-  fr 

tb*  liltiation  or  imealioB  aivaa  sball  aot  be  Iraa  than  foor  fcwt  £n|o« 
Iba  glOWMl  lo  wbicb  M'WMC*  is  anJied  :  and  the  Boanl  fmlber  atarod?  b<  dir.. 
tkat  tbt  ^ODtitj  uf  BMtagv  to  bv  a)>|^^ed  to  aor  Sticr-bed  or  aar  irrigatioa 
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1  not  exceeil  in  miy  wnfk  l.lin  eqviiTalent  oF  one  foot  iu  ile(jtli  over  tlie  whole 
,  i>t  thai  lied  or  inigalior]  oiea  to  which  it  in  a|ip!ieil,  unil  tlie  times  of  applj- 
Mtioii  shall  be  so  amiiipeJ  tliat  no  liquiil  sewage  tfimll  reiimin  espoaed  upon  the 
8iirfai!i>  or  in  open  ditches  QKire  than  twetity-fonr  hours  at  a  tiitic.     It  is  underntood 

■  that  the  receiving  resei-voirs  are  t<i  be  completely  covered  and  ventilated  liv  fluen 
extending  to  the  line  of  the  chimnev  o[  tiiu  pnmping  slatioii,  and  both  reseiToire 
and  ptinipiit(>;  stjition  are  to  be  located  within  tliu  town  of  Fminin^fhani.  As  herein 
moilitied  and  amended  tbe  prugmaed  systeni  of  sewage  diaposiil  aud  its  location  are 
K  tippi-oTed. 

■  Per  oi-der  of  the  Board, 

^ft  (SigDed)  tJAKUEL  W.  Abbott, 

^M  Stfcrelrar^  0/  S/iile  Jimiri{  nf  Health 

I      Tlie  pi 

■  portion  < 


Tlie  preliminary  arraiisreraeuts  having  been  all  Batisfactorily  made,  a 
portion  of  the  work  was  advertised  for  letting  June  18, 1888.    The  eoD- 
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^Tfto.  78.— Plan  or  REsERvmitB  ano  PrMPisa  Btatiom,  Sodtb  PtuiftHQHAM, 

H  struction  bep^an  immediately  thereafter  iiud  proceeded  an  rapidly  as 

H  possible.      The  work    was  pratrticully  t-ompleted  about  November  1, 

1889.     The  toUowius'  extnicts  from  the  report  of  J.  J.  Van  Vnlken- 

bmgli,  engineer   iu   charge  of  constniction,  give  the  mam  faets  in 

regard  to  that  portion  of  the  work  which  relates  more  particularly  to 

I  the  sewage  dispottal. 
The  two  receiving  reserroiw  at  the  pumping  stalion  are  eacb  one  bnndred  lea 
BUil  a  half  feet  long  and  thirty  feet,  wirle.  [See  Fig.  7K  for  plan  of  reservoirs  and 
ptinipiog  station,}  Tlieso  are  paralh'i  to  and  stipamlod  from  carli  otber  by  a  wall 
three  feet  thick  and  seven  and  one-half  feel  high.  The  Hi.le  walls  are  Ibrei.i  and 
iino-balr  fnitt  Ihick  and  eight  and  one-half  feet  high.  Tbe  liiii-k  arches,  two  feet 
in  Ihiekness,  rest  on  thpse  walls. 

Til  a  bottoms  of  thn  reservoirs  are  inverted  and  are  constmeleil  of  mbb  If  concrete, 

Tarying  in  thickness  from  one  and  one-halt  feet  in  the  centre   lo  t«o  feel  at  the 

I1j9.     Id  the  centre  of  the  reservoint  the  aivlies  are  eleven  feet  and  niue  iocheB 
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iibove  tbe  invert,  ftuil  at   tlie  walls  tliret;  and  one-half  feet.     The  reoervoin  irhen 
riiniplptelv  lUIed  will  bold  (oni-  liundied  and  tliirtv-nne  tlionsand  gallons. 

Bulb  of  tbe  reHcrroii's  tua\  b«  kept  free  of  sewage  while  the  puups  (XiDttnue  to 
run,  being  fed  l>r  meaiui  of  an  eigb  lees -inch  pipe  catending  turoagh  tli«  oetitra 
Willi  [mm  the  gale  bouse  to  the  )minj>-well. 

The  putn|i-well  and  gate  bou»'  uru  buth  arranged  (or  screeus,  but  it  is  bariltf 
probalile  (but  it  will  be  iiecessuiT  tu  resort  to  screening  the  sewage,  since  tbe  pump 
Tulvtis  are  of  tbi!  swinging  tj'|)e,  eight  bj  ten  ineheh  iu  dmnieter.* 

The  pumping  Ht&tion  and  oliiuinev  in  evei'y  portienlar  are  u(  unple  size  to  o^ 
commodate  a  iluplieato  set  of  mucbinerr  niuiiUr  Id  trhat  jou  now  hare.  The  pnnip- 
iiig  engine  is  one  of  M.  T.  UaviiUuu':?  iniproM'iI  cunipoauil  duplex  cundensing  tjpe^ 
and  is  guaranteed  to  ilelivei',  thioiigb  nine  tbonsauj  (I'l'l  of  Iwelre-inch  pijie.  two 
million  U.  S,  gallons  i>l  sewai^e  per  tweotT-rout  ilour^.  ugaiiisl  a  total  head  of  forir 
leet  This  total  lie«il  does  not  include  frielinn.  This  tbeii  is  at  the  mte  of  thir- 
teen hundred  and  eightv-niiie  gallons  jn-r  niinnte,  oi  cigbtv-three  tbou.'sand  lhre« 
linndreil  and  thirty-three  ■;:tl]'iiis  [ifr  huor.  Thos  if  the  reseiTojis  were  ooroplelrly 
dlleil.  jiamping  at  the  mtt-d  cmpacilj  of  the  pamiw,  the;  could  l>e  emptied  in  fivp 
hours fljiil  ten  niinnies. 

Water  for  the  boilers  and  condeiiiier  is  taken  from  a  well,  six  feet  in  diaiuett>r  auil 
twelve  feet  deep,  situated  near  (he  brook  which  flows  br  the  ea&terlf  &ide  of  llin 
BlaticiH  This  well  is  eonneetLnl  with  the  brook  by  an  eiiilii-iiich  pipe.  The  d<-plli 
of  tbe  veil  is  snch  that  in  case  said  t-treani  becomes  tnci  low  to  be  of  servire.  Ihv 
drain  in  Waverl;  street  or  Beaver  Dam  brook  can  l>e  pii>ed  so  as  to  6uir  into  tUo 
well. 

There  are  two  steel  boilera  of  lb<-  bori»mlal  lubnlar  ty|ie,  each  forty-eigbt  incliM 
in  diameter,  thirteen  feet  and  two  inches  lung,  and  conlaining  fiftj-two  tliree<torh 
steel  tnlies  twelve  feet  long. 

The  shell  of  the  boilers  is  three-siileenths  of  an  inch  thick  ;  the  heads  tlirer- 
eighths  of  an  inch. 

A  three-foot  fine  extending  from  the  resenroirs  passes  under  and  in  front  nI  the 
boilers,  jnd  is  llten  connected  bv  a  two-foot  pipe  with  the  thirty-inch  floe  leadiiiR 
from  the  boilers  to  the  chimuev. 

The  dranght  for  the  boilers  is  taken  from  this  soarce.  Yon  see,  tfaereforc.  that 
the  reservoirs  have  an  excellent  ventilation. 

Tbe  twelve-inch  cast-iron  force  niain,  which  is  ninety-seven  hnndred  and  forir 
feet  long,  extends  in  nearlv  a  stiaisht  line  to  a  point  on  Hartford  street  about  fnor 
hundred  and  tidy  feet  east  of  Bowdotn  lane.  Thenoe  following  t]je  si.'iilherlv  stile 
of  said  street  iind  the  easterly  side  of  Speen  street  (or  road  to  KaxonvilU-i,  it  reucht* 
the  (aim  :it  a  point  three  hnndred  feet  north  Itvm  the  Worcester  turnpike ;  Ihence 
in  a  straight  line  aud  parallel  with  said  tnrupike  one  linndred  and  eighty  f<^t  ti> 
till-  first  manhole,  where  the  force  maiu  ends;  but  the  Ksiue  cnur^e  is  conlioucd 
two  thousand  feel  fiirtber  vitii  tilteen-.  twelve-,  and  ten-inch  dkii'n  pipe  laid  to  a 
grade  of  one  foot  in  a  thousand. 

The  (uree  main  is  laiil  to  grade;  that  is.  by  opening  a  six  .inch  gate  in  ttieengiii* 
Twiui,  six  tbonitand  one  hnndreil  teet  of  this  maiu  will  tlrsm  into  the  i. 
Through  Iwtfinoie  gates  i>[  the  >auie  size  the  r'-tnaindrrof  ili<-  pij*  can  b(-  i 
The  ail  vantages  of  ibis  nrrnniifnirul  will  he  lu'lier  appn-i-iatnt  abrn  it  i.":i.-.iii.r9  . 
nreeasarr  to  repair  a  i>ii<Mble  tiivak  or  leak. 

Eleven  six  inch  pltiggvil  liiaiiches  have  been  pnt  in  on  line  of  tb«  ioTcm  main  al 
tueb  places  as  si'i'tned  to  ns  mnst  advantageuns  to  those  who  nuj^t  tjesitv  to  take 
the  sewage  as  a  fei  tilizer. 

On  lines  of  pit><'  at  thi*  farm  there  ore  fonrtoen  hexagonal  inMi-boles,  ao  mw- 
slracted  that  when  the  pumps  are  working,  by  closing  a  galeou  the  pipe  eitenditw 
ihrongh  theui.  the  sewage  will  rise  in  them.  M  cmain  di«lauces  np  Ibe  sidoi  ot 
the  manholes  Lbem  an  eight-inch  gates,  gi<nerwlly  foor  of  tbem.  at  vlerationB  ooa 

•  K<w  thv  bagiuuinf  »[  IHU  HMsoa  uttv  aJdnl  to  nraen  miom  qI  Uw  mtm  maMttm. 


Sfltnil    KRAMINdllAM.   MASSACHUSKTI-S. 


487 


f'loi  liiglier  tliaii  Ibe  lied  w  poiat  of  lanil  ujnm  wliioli  it  is  desired  to  let  sewage 
diiw,  Ri>gnlating  ihe  opi^uing  of  tbeae  gatux  regiilalea  the  amanot  of  newage 
delivered. 

The  farm,  L'oataiuiug  sixtv-iiine  acres,  three  rooda,  oud  eleven  and  oiie-teotU 
mds.  is  now  in  good  Hhain"  In  receive  it»  fii'st  instalment,  of  sewage.  All  wood,  pi- 
oeptiug  that  refK'rved   bv  the  lowu,  lias  been  cut,  likcwiiiu  this  season's  gionth  of 

tiprouts.  About  twelve  acres  of  land  have  been  taken  fur  intermittent  iiltraliou  : 
Ibe  lemairiditr  is  to  lie  deviteil  !■■  bi'oud  iirigution.  The  ainu  toi  intiirmittont  nitra- 
tion has  been  dividi'd  into  eloven  beds,  with  banlu  al)i>nt  tlirt'e  feet  high  and  font! 
feet  broud  at  tli->  lii|j.  with  tides  sli]]iilig  one  and  a  half  to  one.  One  etuliauknient, 
through  whieh  e\teirdH  the  jiiaiii  feed  [lipe.  Is  Noiuewliul  higher  in  uertaiu  seetiuu:! 
tlian  the  others,  in  ronseijni'in'e  i>f  frivjne  ''aid  pipe  the  Hume  depth  of  covering.     In 

»  preparing  a  bed  a  |>ortioii  of  land  was  taken  whiuii  wew  as  generall.y  level  an  ])os^i- 
ble,  and  after  ploughing,  ginbliing,  and  i'uinovii:g  as  much  loam  an  wo-s  neces^rv  Ui 
form  the  emboiiknienl»,  toMinonllinfl'  thesiirfut'e  and  leplongh  into  lands  seven  feet 
iu  width.    The  ditches  prudueed  bylhipt  ploughing  are  about  nitieinehi^Hdoep  and 

■  twice  that  in  width.  'I'lic-e  ditL-lies  are  met  at  the  l>anks  hy  a  larger  diteh  or  ijar- 
rier,  wliicli  will  condiiel  tlii' sewage  from  the  manhnk-i  inlo  them.  Eik'H  of  llie 
bods  are  Ihiished,  and  their  emiMiiiknienls  in  proper  vIiujh'  and  needed.  The  re- 
maining tbreo  bods  are  gruiled,  and  the  loam  hivs  l>e('n  put  on  line  of  enibankmenta 
a*  disjioaed  of  by  the  carts.     Two  beds  have  been  ploughed  with  a  swivel  jihiugU 

tffnin  one  aide,  coii.seiiiiently  the.se  lieds  do  not  have  a  sei-ies  o(  ditches  similar  to 
those  (loases.sed  bv  the  beds  jusi  ilescribed.      But  they  have  a  main  carrier  along 
the  upper  sides,  from  which  the  sewage  will  flow  into  the  furrows  as  ploughed. 
Six  "t  the  beds  have  a  six-ineh  umlerdrahi,   Kix  feet  below  the  siirfaee  ot  the 

•ground.  These  drains  evlend  througli  nearly  the  oeiilre  of  the  beds,  and  their 
outlets  are  in  the  ravines  near  Ihe  centre  of  the  farm.  During  the  most  rainy 
Reason  no  water  lias  been  observed  to  come  from  them,  excepting  liie  case  of  one 
drain  that  is  in  close  proximity  (n  the  bed  of  tlie  potnl  that  toiiuerly  exi.sted  near 
the  Worcester  turnpike.  The  point  of  obsi'rvalion  of  this  drain  is  outside  of  the 
pieds  and  eight  feel  beloa-  their  general  level.  \Vi-  think  it  advisable,  llierefore,  to 
[defer  turtlier  nnderilrainiiig  until  the  a-saured  necessities  of  the  beds  demand  it. 

We  also  advise  devoting  as  much  of  the  sewage  as  is  ju'ttcticable  to  broad  iriiga- 
[tiou,  reserving  the  beds  as  luucli  as  possible, 

Aoconlii)^  ti)  the  fiiiiiiiijiiil  statomeut  uubniitted  b,v  the  town's  newer- 

I  ago  committee  itt  the  completion  of  the  work,  the  totnl  cost  of  the 

nrwerafft!    anj  sewage  ilisposiil  works  wuh  $148,28S.       The  Ktiitemeiit 

does  uot  show  the  amount  properly  chargeable    to  sewn-re  diMpowil, 

H  lint  an  idea  of  the  cost  of  the  same  can  be  derived  fi'om  Mr.  Heald'a 

"  orifrinal  estimate,  which  stood  as  follows : 

klili,088  liu,  feet  ot  sewer,  all  siKes,  with  man-liolea g('>3,75li  M 

Pn  nips  and  boilers  in  du])lieate 8.000  <I0 

rhiiiiuey,  engine  und  boilers  house T.IKKl  tK> 

Fi  iTindatious,  screens,  gales,  etc   3,1X10  '10 

Hooeiving  roaervoira  ('220,(1011  gallons  capacity) 12.0(HI  00 

1(J,200  lin.  feet  of  12-inch  force  main,  at  81.85 18,t*T0  00 

Nj  acres  ot  land  at  S40 3,400  00 

Clearing  and  burning  65  acres,  at  820,00 1,^100  00 

Filtration  beds  and  carriers 10,000  OO 

Anionnl »127,:i-20  50 

[Add  10  percent,  for  engineering  and  contingenoiM 12,732  lifi 

Total  estimated  cost £140,059  16 

In  regard  to  the  iueruase  in  tsost  of  the  work  iu  actual  constniction 
]  over  the  nmonut  of  the  estimate,  it  is  stated  by  Mr.  Van  Valkenbnrgh 
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in  his  report,  from  which  we  have  already  qnoted,  that  the  iiicreaae 
was  due  to  the  huge  uumber  of  heavy  storms  which  occurred  while 
the  work  wiis  construe tiug,  necessitating  t'stra  pumping,  additinunl 
uudei'drains,  deeper  foiimlatioDH  and  more  extended  supervision,  et<'. 
In  order  to  facilitate  tionstmctiou,  8,058.4  lineal  feet  of  underdrain  were 
constructed  which  were  not  contemplated  in  the  original  estimate, 

Mr.  Baker  visited  Houth  Framingham  on  June  17,  1892,  and  through 
the  kindness  of  Mr.  Van  Valkeuburgh,  obtuined  some  additional  in- 
formation. Jolin  H.  Goodell,  chairman  of  the  Framingham  Sewerage 
Committee  has  since  added  to  this  infonnation,  as  has  Frederick  P. 
Stearns,  chief  engineer  of  the  Massachusetts  State  Board  of  HeuUli,* 

To  June,  181)2,  none  of  the  farmers  along  the  line  of  the  outfall  sewer 
had  availed  themselvoa  of  the  opportunity  to  draw  sewage  from  it 
through  the  eleven  6-inch  branches  provided  for  this  purpose. 

In  1892  com  was  successfully  raised  on  thi-ee  of  the  beds. 

The  following  table  gives  an  analysis,  furnished  b.\'  Mr.  Stearns,  of 
the  aevase,  effluent,  and  unpolluted  giouud-water  at  South  Fram- 
ingham. 


Analyses  ov  Sewage.  Sewaok  Bfthient,  and  Unpoluitki>  GaorKo  Watkr  fhom 

TUE  Sewagk  Field  at  South  Framimiham,  MAssAriiuBBTTs. 
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Mr.  Steams  comments  upon  these  figures  and  the  work  of  the  dis- 
jiosal  area  as  follows  : 

In  each  cBse  the  a&alvses  ai-e  the  averages  of  severs)  detemiinaiions  Tbey  rrp- 
tosent,  first,  tlie  sewape  as  it  flows  ont  of  the  pnriier  upon  the  liod";  Hci'ontl,  ifif 
efSneut  flowin;;  from  imderdraitis  lit^nentli  certain  of  the  beds,  nhieh  aftt.'i'waj'd  miukx 
into  Ihe  groand  and  is  flllerod  the  second  time  liefcire  reaching  the  I'ro<''k  ii)l" 
which  the  (jffluent  linally  iioBKes  ;  third,  the  water  of  a  B|iri!iR  Icwnttil  near  ttn* 
lirook,  wiiipli  derives  its  snpply  to  »  larpe  extent  from  the  sewage  efHneiit,  anil 
ru  pre  stents  the  general  charaeti'r  of  the  efflneut  wlien  it  reaches  the  brciok  :  and. 
fotivtli,  the  nnpnllntpd  wattr  from  a  flinvitig  well  nenr  hv. 

Only  a  small  part  of  the  sewace  effluent  rnmes  ont  nt  the  underdrain^.  uiil  voo 
will  notice  that  this  is  pnrilied  to  •inch  an  extent  that  there  is  only  2;t  fif  free  aril- 
moiiia  and  IS  of  allmmtnoid  ammonia  remaining,  «liile  Ihi!  tiilrales  Jiave  irtfrfAAed 
greatly.     At  the  spring  the  free  ammonia  ia  entirely  ri-moved  and  the  alhtnninnid 

•  See  EaK.  Newi,  i<iL  ii>iii.,  pij.  137-0  (Aug.  11,  t«W). 
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wnmonu  is  leM  than  one  per  cent,  of  tlint  in  tbe  sewage.  On  oue  occasion  un 
analf-is  of  the  spring  water  showed  that  it  contained  neither  free  nor  albuminoid 
■minania,  while  the  excess  of  chlorine  and  nitrates  over  the  amount  found  in  tbe 
unpolluted  groDnd-watci',  as  abown  in  the  last  line.  j)L'oves  without  doubt  that  this 
Hpi-ing  conlaina  a  large  proportion  of  sewage  effluent. 

Bacterial  eiaminations  of  the  sewage  and  of  effluent  collected  from  the  spring 
ebow  that  ueailj,  if  not  alt,  bacteria  are  removed  by  filtratioi). 

The  efflueut  from  this  sewage  field  flows  into  a  Hmall  brook,  and  altbongh  tbe 
works  have  been  in  operation  more  than  two  veara  the  disi^barge  of  tbe  effluent  into 
this  brook  has  not  pro<1uced  any  noticeable  effect. 

In  the  report  of  the  Sewer  Committee  for  March,  1893,  it  iu  stated 
that  there  were  theu  451  houses  and  39  hotels  and  Imsineas  blocks 
connected  with  the  sewers — 22i  new  connections,  or  nearly  one-half  the 
total,  having  been  made  in  the  year  1892-3.  At  the  sewage  farm  it  is 
stated  that  400  bushels  of  corn  (probably  in  the  ear),  three-fourths  of 
an  acre  of  cabbages,  and  some  sqnashes  were  raised  in  1892,  and  sold 
for  a  total  of  $174. 

The  effect  of  frost  and  snow  npon  these  filter  beds  is  given  in  Chapter 
XrV.,  page  284.* 

*  The  idiief  loartM  of  iafnrmation  in  r^>rd  to  the  South  Fruninghun  aewage  diipou)  ii  Re- 
porta  of  (he  Committee  on  Dnunage  «nd  Sewerag*  uid  Coastruotion  of  the  Sewenge  System, 
dc,  No*.,  1889.  Compiled  by  Wm.  A.  Brown,  Clerk  to  Selectmen.  Also  we  Eng.  Newi,  toL 
tsO.,  p.  «}7  IH«T.  33, 1S8U] ;  vol.  xxviii,  pp.  127-9  [Ang.  II, 


CHAPTER  XXSrV. 
mTERMlTTENT  FILTRATION   AT  MEDFIELD.  MASSACHUSETTS. 

In  the  fall  of  1886  sewerage  aud  sewage  disposal  works  were  con- 
stnicted  at  Modtield,  Mussiicbiisetts,  u  small  towu  on  the  Charles 
river,  about  17  luiles  from  Boston.  The  sewage  disposal  works,  which 
include  preliniimiry  Bediioentatiou  and  upward  filtnition  thi-ou^h  ex- 
celsior, suppletueuted  by  iiiteniiitteut  filtration  throuj^'h  uutuiiil  soil, 
were  pnijtvteil  hy  Eliot  V.  Clarke,  M.  .\m.  Soe.  C.E,,  tuid  coiistriicteil 
under  the  supervision  of  FretL  Brooke,  M.  Am.  Soc.  C.E.  The  plans 
for  the  sewa^'  ilispowd  works  were  approved  by  the  Massachusetts 
State  BoanI  of  Health  in  August.  1886. 

The  eluef  tuauufiK'tariug  enterprise  at  ile<lJield  is  the  Excelaiur 
Straw  Works,  whieh  employ  for  st;\eu  mouths  of  the  year  between  six 
aud  Kevi'U  huiidr\-d  operativi-.s.  and  during  the  i-eniainder  of  the  year 
uIkiiiI  half  as  niauy. 

The  following  neeotuit  of  the  Works  is  estracted  aud  omdensed  from 
a  paper  by  Mr.  Bnh)ks.  Sewage  Wsposjil  at  Medfield,  Massa^^husettK, 
in  the  19th  Annual  BeiH>r1  of  the  MuKsaeLusettsStata Board  of  Health: 

Tlie  stmBf-wnrk-;  •Ininntfi^.  Di«r)T  half  "(  wbicli  mmui-s  from  tli*  7»l»  in  wkifik 
»Xn*-  is  <ivcil.  ii.tnl  ■•>  niu  iuin  ^  inn  brook,  which  flows  jaat  the  worfcs  wUI  » 
(Uminnl  u{i  iu  •  aniall  pund  jnsi  IktIov,  whose  U-rel  b  trrqacntlT  rused  aimI  lowerod 
for  lurohnuiiwl  )iur|Ki:a^  Tliis  pnxluceil  au  oSeDsicv  sweJ]  Krannd  U»e  pood,  and 
l>)it('kt-tii?i)  Hiut  iwillttinl  i)ir  uatrt  su  that  solute  rr«ii]eutB  brlow.  un  bolli  siJea  "t 
the  l>n><.<k  in)  mo  hall- )t  iar>.i  »f  th^wlrnail  iiwL.  who  had  bs«i1  its  wati>T  fnTilcimnt- 
Ik-  si1|)(i)t,  wrrr'  »ti|iK<<.l  lo  ahamdon  ii,  and  mad«  .vT«rsl  evrnplaiata.  In  ISfC  a 
|ii|>(>  -vmr  vas  Imili  ohirHv  fur  lb»  imrjioee  dI  lw«i>iij^  lhi>  M>«aav  fiwm  ihe  tttaw- 
works  <>nt  of  Vi'jB  Iwiok.  am)  di.«)<<«i)if(  of  it  so  as  lo  axnd  Ibe  taat^nce.  Ih* 
■vwtM  li«A  tiepu  rDifKil  al«<  111-  liir  ''i-niral  Honsv  iharias  aecomtpadaliuos  fur 
Mloxit  fnrtT  lK.ian)i^f> I.  vlitrli  toTtiwrlT  draiimj  iota  ihe  lirook.  and  br  IhnM  (iriral* 
d«v|Iih):-lio)isrH  wbkh  >hJ  u<'l  drain  into  lii»  kirvk.  As  a  result  the  rhannpl  o(  Ui« 
)iti<<>lt  ha.-'  aln-adj  Iwvii  wasbtnl  m<  rliai  ii  k  inailbttBite  to  sight  and  KRieU.  A 
faimnihlB  (ilvo  <b»;  f.Hiiid  a  littlr  out  of  tb<>  rilkev  for  tb*  diwhM^  o(  tkc  t^mfr 
and  its  pxrifiraliou  hy  intcrtuitlrtii  dnvnward  filtraticML. 

Marh  enxind  dyi^>v«od  b  nspd  at  ihr  slnw-wutka,  mad  if  Ibta  ia  its  water-higggad 
coodilioB  ««n  adMiuml  to  lt>r  smrr  it  na  ad  lo  be  sapposed  ikai  Ui«  wwir 
«a«M  b»  ■etf-efaUMtt^  «iih  Ihp  fctaairot  a«a>Uhk^  It  Ul*  at  tbe  rat-  of  4  fcr 
1,000  tar  M«riy  ■  iiaarlvt  of  a  mil'      Ac«otdia|^  to  eirladr  lt>F  >{•  •  ii4 

(rOM  tba  a»wpf  tbMv  was  bnih  adjacent  tu  tb«  dr^dkociae  a  MtlliBt:  li  a 

filta*,  i^MMT  (oaatntctioa  may  bcasdenloMl  b;  Ibaaid  eCtlw  aorv<o|wi.Tmg  Linv- 
iB«[ns.i9)-  lthnadeia»opHta,aMal7«Uik«saetfyalik<i.iii  nrdv'r  Ihatoa*- 
htit  wa^r  ba  ia  Wv.  U  aicwiy.  whjb  Um  othtr  »  batag  rlraofd  oat.  TIm  £•■ 
ma  DMB  Ibr  ntn  «u  fa»  tmcd.  hr  m  wwaii—  gria  im  Ibc  tiaosk  which  tancs  il 
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Troti]  the  ilje-lionHP,  into  eilher  side  of  the  settling  basin  aejwratclv.     Enlariug  \ty 

lliB  foar-incli  openingN  tlie  liquid  flows  gynerallv  in  Imtb  sidos,  witb  a  total  widtli  "f 

tea  feet  and  a  ilojith  of  four  feet,  leas  the  tliickaesM  of  tlie  deposit  of  sediment.    The 

velocity  of  flow  is  thus  checked,  niiil  llie  ground  dye-wood 

lias  a  chance  to  settle.     To  get  into  the  second  pair  of 

fompurlments  it  Lm*  In  jmiss  over  the  liiick  dividing  wall, 

whose  elevation   ix   the  kilhh'  as  the  bolliim   of  the  inlet  { 

liipe.     HorL-  is  anolher  oii|)oi'hinity  for  nettlenieiil  tii  luke  s 

|ilaci',  Imt   ;ipimrcntly  vei-y  little    collects   in  the  second  ! 

comjiuituieiLls  iinlil  Ihe  tiist  arc  pretty  well  tilled.     In  the  i 

tliird  conii»irluient3  by  a  tiijlit  board  iJartitiou  the  liquid  i; 

is  obliged  to  pa'w  downward,  aiiil  escape  by  upward  liltra-  ^         f       jjE'i 

tiori  through  a  masH  of  excelsior  held  between  two  set.s  of  ^ 

wooden  .tlats,  a.'  exhibited  by  the  drawin(; ;  iho  upward  flow  ^ 

heiiig  preferreil  us  u  precaution  aKflinat  chokiuR  the  tilter.  J 

The  filter  was  in  am:  nearly  a  yur   before   Iha  eicelsior  ^ 

was  clianged;  it  worked  very  .latistoctori ly,  but  the  excel-  | 

KJor  had  by  that  time  become  «o  rotted  that  probably  it  » 

would  noon  after  have  gone  to  pieces  and  escaped  thLiiugli  J 

the  aewer,     A   new   supply   was   accoiilinRly  substituted,  j 

The  sediment  need^  to  Ih)  shovelled  out  and  carted  off  once  f 

■ir  twice  a  year ;  it  has  a  .similar  appearance  to  s:tw-daet,  i 

except  tor  its  black  color.  I 
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Near  the  lower  end  of  Ihe  sewer  the  Hewof^  passes 
ttii-ongli  tt  cesspool  ari'aiiged  as  nhonu  on  the  accompanying 
dinwing  [Fig.  HO],  si.  that  the  outflow  takes  place  from  be- 
nr-atli  the  siirfftoe  of  the  sewage  si  an  ding  in  the  cesspooL 
The  cfTect  is  that  objects  which  either  float  or  sink  are 
held  back  un!il  they  are  ^uflicienlly  chunged  by  chemical 
or  other  action  to  flow  uniformly  with  the  rest  of  Ihe  liq- 
uid, and  are  prevented  from  beiuf;  thrown  out  upoiL  the 
around  at  Ihe  outlet.  .  .  '.  Veiy  little  sediment  col- 
lects ill  the  cesspo'il— only  about  a  foot  in  depth  in  the 
course  of  a  year ;  when  it  tills  lip,  the  s<>diinenl  will  have 
to  be  taken  out. 

.  .  .  The  rtltering  bed  u|ion  which  ihe  .-.ewaije  is  dis- 
chargcil  con.sists  of  ime  acre  of  ground  graded  nearly  level. 
It  «-aH  intended  to  be  conical,  sloping  at  the  rale  of  five 
per  timiisaiiil  iiway  froLii  the  centre,  where  the  outlet  of 
the  Hewer  is;  liut  owing  to  sliifht  im|>er(eclion^  in  the 
■work,  nnequid  settlement,  olc.  it  is  a  liltle  irregular — gen- 
ernlly  flatter.     .  The  shupe  of  the  filtering  bed  was 

made  n  little  iiregLilar  l<i  adapt  it  to  the  existing  topo- 
gniphical  condition.'! :  but  it  is  substnntiiilly  a  sijuiire.  suii- 
divided  into  tour  small  squares  of  one-quarter  acre  each  by 
little  embanknierit.s,  three  of  which  are  about  a  toot  in 
height:  the  fourth  i-overs  l)ie  pipe  to  a  depth  of  three 
feet  for  proteet.ion  against  freezinp.'  or  other  injurj.     To 

prevent  the  sewage  from  running  ofT  from  llie  flllermg  bed  without  penetrating  ita 
surface,  the  (iiling  wa«  also  embanked  about  a  fool  nboTc  the  graded  surface  along 
the  north-easl  side  of  the  filtering  bed,  the  only  portion  of  the  exteiior  line  wheiv 
the  grodeil  surface  was  not  lower  than  the  ground  adjacent  The  material  is  mostly 
gravel  and  stones  from  the  size  of  a  man's  flsl  downwanl.  and  i*;  well  suited  (or  the 
purpose  of  tiltratiim.  In  grading  the  filleiing  iH'd  the  thin  stialuni  of  loam  and 
grass  ui>on  the  surface  wa^  not  renioved  ;  it  wn-  simply  plimj^bed  up  and  Ihen 
handled  like  the  gravel.  But  the  narrow  slri])  under  tln'  enibankmenl  llirongh 
which  the  |iipe  is  laid  hud  its  loam  stripped  off,  nml  the  giiivel  with  wiiicli  it  was 
replaced  was  carefully  puddled  to  make  an  nnyieldini'  fnutiilation  for  the  pi)ie.  At 
the  middle  of  thefllt^riiig  bed  the  pipe  sewer  ends  (as  shown  by  Fi^;.  HO]  in  u  woisleu 
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trowph  linviiiK  four  outlets — oiio  to  oac^li  RnbdiviHion  of  tbe  flltrring  bed — irfaicfa  ont- 
Ints  uiv  oliweil  by  IIivih-  (j^ateti ;  so  tliot  the  sewage  ruus  on  to  one  subdivieioD,  and  in 
>liul  off  fiMtu  till?  iiilii'i'  iliii>i!.  Every  otiiei'  liuy  Ute  gate  is  olianged  from  oue  outlet 
lo  tliu  ue\l,  so  fts  to  lurii  I«ii  iluy?i'  seivngi;  on  lo  a,  sulHiiiisum,  and  tlien  give  it 
nil  lUjV  rrst,  to  hIIow  tlio  srwagu  to  i«sfi  off  llimugli  tlic  grouml,  anil  lei  the  stir- 
faeo  of  tlmi  iliviwioii  bwoiiie  dry  enongli  for  another  dose. 

No  niuli-rilnviimjn'  liiis  been  |jiit  tii  at  the  filtering  ImmI.  Tlio  groond-wstcr 
unttimlly  is  aboiii  ti'n  tot-t  below  thf  »tirfnee  of  tlie  Qlteiing  lied.  Judgiiig 
from  the  visibli'  iiulioiilioiis.  es|K-i'inlly  tlie  conlonr  of  tkic  surface  ■>!  (he  ground. 
Ilio  iiutumi  Jntinft(»'  from  the  tiltenng  Iwd  imut  be  ia  llie  ilirection  of  a  litlle 
di'pn-isiou  leBiliiit'  di'wn  towani  tlie  iiietuiow  to  tbe  norlbiiud.  »beii>  there  ia 
a  spring  of  very  giMMl  uiiler  wliiol)  is  tlit>  sotirce  of  a  pemtiuii'iit  sti'euD,  aa 
ithovn  i>ii  llie  )<lan  Riid  profile.  Tlie  nrtifieially  stiuigbt  coiU'se  of  tlie  little  stream 
may  be  explained  by  the  fact  tbat  tlie  meailon-  Ilirnugh  which  it  Aows  vae  graded 
up  screral  ye«r9  ago,  so  that  better  crops  could  be  cultivated.  Hub  streuii  beioc 
a  tribntanr  of  the  Clutttw  river,  upou  whose  bauks  k  long  diBUnoe  belov  are  aitnatMl 
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tW  flIlMuig  galkrifB  (iMB  aliicli  oMwnl  ■■«Bkti«l)tMa  <ln«  ibeir  wdcr  siqfjf, 
MnllMd  wma%*  reqnina  to  b*  purilkad  briN*  anlemig  it. 

TIm  woonaa  of  llii?  HlleHiig  b«^  during  tbe  svi^v  eaU  nf  vidter  has  beM 
bvoiVil  bv  llw  fart  ttial  tlii>  dye-rats  an>  k«|>(  at  a  high  MmmMw*.  Dttilr  obMT- 
wbcwa  in  IVtobcr,  N^'venilw,  Dtctmh*t.  Md  Juhij.  tWT-8K  oWr  that  iba 
WyrntfOTr  <if  tbr  sw«ngr  >«  it  nMM«  apo*  tlw  Uhting  bMl  at  tlw  a«llo<  k,  nbile 
tanlMaa  ia  Mtiw  at  llie  ttnvwMfcs.  MMnUy  bvm  M*  to  80  V-  U}i^ca%  at  ni^ 
■■d  Mt  Infiilm  tKM  lh«l  dtwawd  t«  aboat  tbe  tii|iii»tnif  of  tbe  gmud* 
Cr  ar  F.    .     .     .    In  Jmmmxr.  I!«77.  on  a  ^  wka  tba  I 


tok* 


■fan  to  at*  balew  aNo  F..  t)Mn«««fw  *:«.<:  tnmodoaloB  dhiaida  ■■(  llw  tll«aiB( 
b«l  ibki  wn  «o««nd  witb  mow  a^a  «c»  IV  wniM-  «Uied  it  a  fcw  4k«a  kiOT 
•n4  fcwMl  tbat  ttoM  a  sirif  •««  or  tM  fm*  miAr^  i  iliwiHt  »Mily  am««  tbc  bnA, 
lb*  H»ov  a>il  if*  bad  br««  w>l>»d  a«a>y.  Tbr  •»«■»  had  tiM>  ran  n»df-ttMMh  tta 
naMiniait  Mnv  aad  kv  a  litlW  «ay.  'v  tbal  <«  iWjJUJn^  vitfc  a  •4H>n-l  lliiiifb  it 
— «i^  t««  Am*  bwat  tb«*  oprtt  pfar*— Wwst  ImI  nAnaaw  ^nwwl  w  fiMn>l  bewaib; 
atOl  ftutbMavBT  tW  mwd  ««>  ttvmm. 

intbn«Md  to  tbe  HWrtit*  .4  t^rttU  dt^bipJ  ■»«■  lb>VkNM  l*d.  h««> 
wHiwalid  inlbalntttf  f««<»«T  tw  pattiw  a  tiltla  nb  ai  «a*  ol  tb*a.^4ai 
>wamb  imllafci  aM  ab«»wiat  at  {atanak  A*  ba«fbt  <4  aat*«  fMna  on*  ti  !■ 
•artMta*.  ■  RH«1  da^  l>«l  It  is  aidiaiaitd  tbat  at  adh'twa  to  tb*  l«a>^a  of  3,aW 
ttitie  h^  |wr  lia<a<y->,<at  bow*  «(  eba>  ««■«  dfcoia  MB«l«D«ai  tbar*  rnww  ia 
aa  tba  mmmt^  fewa  tCnwvawba  aad  iba  koaw  diaia»,  abavl  \0B>  calar  favt  mt 
Av  IW  i«rS^  te  Iba  awt  IK*  *b«M  waaa  Maalhfc  ftaa  NotMbar  to  H^^-tW 
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is,  about  baU  the  days  iu  tlie  year — but  only  about  l,i>OII  fiilik-  feel  per  day  for  fiva 
monDiH.  from  June  to  Ot'tobpr,  aiitl  on  Sniiiinyn  in  Ihe  otliei'  adven  months,  i.e  ,  tlie 
other  of  the  year.  That  thia  eatimatf^  (though  not  cluimiiig  to  be  minutely  aci/urate) 
ia  Bubt;  tan  till]  ]y  conect  may  lje  judi^cd  by  c'OQi]iai'iug  such  estimates  ax  i;aii  be  iiiude 
from  known  fnctH  us  to  the  ntitnber  of  [Wople  in  tlie  biiildinK«  and  the  quimtities 
usually  discharged  from  the  dye-house  and  bleat'liPiy ;  also  liy  c-oiii]mriiii5  the 
estimated  quantity  of  water  pumped  from  on  artesian  noil  nhicli  is  Ihe  oii^iual 
nonree  of  most  of  the  bijuid  that  gets  into  the  sewer.  Most  of  ivhut  is  pnnipyd 
from  this  well  ultimately  tinds  its  way  into  the  sewer,  More  has  been  pumped 
heretofore  than  the  required  water  supply,  and  the  excess  has  been  allowed  1o  over- 
sow from  a  tank  and  cHca])e  into  the  sewer,  makiu;;  just  so  niach  imtie<^esKary 
hindmiiee  to  llie  diying  of  the  filtering  bed ;  whereas,  it  pnm|M>d  at  all,  it  miffht 
bettor  have  oveiHowed  into  Vine  brook,  being  pure  water.  For  pnrpoBes  of  eom- 
paiisoii  the  qmmtity  ot  liquid  discharged  upon  this  filtering  bed  of  one  acre  (or 
4,0tHI  square  metres)  may  lie  estimated  at  4,'2o0  cubic  feet  (or  120  cubic  uicti'es,  or 
32,000  Utjited  States  gnllonH)  pi'r  t\¥euly-roiir  hours  the  year  mnnd.  Iliough  the 
BCtual  want  of  nniformity  must  nuiku  the  effect  rather  dilTereut,  For  the  purpose 
of  eomjtarison  a-H  to  the  pojinlatiou  provided  for,  we  may  assume,  as  an  appiviLi- 
mation,  that  tho  manufacturing  waste  from  the  straw-works  tiki's  Ihe  place  of  the 
domestic  waste  that  would  ordiuatily  go  with  the  number  of  ojioratives  that  board 
outside  of  the  sewered  area;  and  thus  nmn  ting  operatives  and  residents  alike, 
may  etill  the  average  popnlalion  provided  for  about  jlW. 

The  works  were  designed  for  about  S.IHKl  to  3,QIHI  cubic  feet  ot  sewage  i>or 
twenty-four  hfnirs  ;  but  the  town  eecm'ed  an  additional  acre  of  ground  around  the 
present  graded  filtering  bed  with  a  view  to  extending  its  urea,  if  an  increase  in  the 
quantity  ot  sewago  to  bo  disposed  of  should  hei'eafter  make  it  necessary.  At 
present  the  full  area  prepared  i.i  not  tairfy  availed  of,  because  froni  the  neglect  to 
gi'Hde  tho  surface  more  accurately  by  a  little  hairowiiig  there  ore  ]initionB  which 
stand  high  and  dry,  and  have  never  been  touched  by  the  sewage,  which  eoJIects  in 
the  low  ])lace9  where,  after  two  ihiys'  discharge,  it  stands  in  a  pool.  Tho  six  daya 
following  hardly  give  sufficient  opportunity  tor  it  to  jiercolate  tlirongli  the  soil  and 
for  tlie  surface  of  the  llltering  bed  to  liecome  dry.  The  natural  tendency  is  toward 
the  torraatioli  of  a  moist,  jHtsty  coating  over  the  surface  of  the  lowest  points  ot 
the  fllteriiig  bed,  entirely  contrary  to  the  intention  with  which  it  was  laid  out.  In 
apilo  of  this  imperfection,  which  it  is  not  to  be  supposed  will  be  allowed  to  con- 
tinue, the  general  working  ot  the  scheme  has  been  highly  satisfactory.  No  smell 
is  noticeable  except  just  at  the  outlet  of  the  sewer. 

The  work  for  the  town  was  done  under  a  contract  for  a  "  lump  "  sum ;  the  cost 
ot  the  disposal  works  was  probably  about  SI.OIM),  inehiding  cesspool,  pijje  from 
cesspool  to  outlet,  earthwork,  engineering,  superintendence  and  profit  to  con- 
tractor, and  the  value  of  land,  whicii  was  given  to  the  town.  The  annual  expense 
of  maintenance  of  the  work  of  di.sposal  is  insigniticant — probably  about  thirty 
dollars.  A  man  has  to  cliange  tho  gate  regnloily,  which  is  the  principid  labor  re- 
quired. Tliu  suifure  ought  to  be  harroired  over  when  it  gets  clogged  with  aedi- 
ment,  tlie  embankments  repaired  it  they  get  trodden  down  or  washed  ;  the  wooden 
parts  will  have  to  be  occasionally  renewed  as  they  decay,  the  cesspool  will  have  to 
be  emptied  sometimes;  but  a  very  tew  days'  labor  annually  will  cover  all  that 
appears  to  be  required. 

No  sttitetiieiito  as  to  recent  cost  of  operatiou  have  been  made.* 

*  Mr  IlTwiks's  paper  givFi  ■  neripi  of  ui&lyiei  of  (t )  the  Wkter  of  Weill  in  tlin  vicinity  of  the 
filter  tran ;  {'J)  ot  a,  spring  ebbt  by,  helow  the  iilltt  mea,  «hich  eont«inE  aome  ut  the  etBiienl ;  »iici 
(^)  of  the  atudu  Kewsge  ;  tngethtir  witti  the  r^fiulla  ot  n  i&w  det^nninationn  of  hsiitenA  l>y  jilHte 
cultures.  A  record  of  the  temperature  of  the  leHage  for  the  month  ot  Deoenilwr.  IbST,  is  in- 
eluded. 

Hr.  Brouki'ii  paper,  in  a  alightly  modified  form.  m%y  aliio  bu  found  in  the  Jour,  uf  the  Ahuc. 
lit  Eng.  Son  ,  vol.  vii..  No.  T,  pp.  'J36-344  (Jul}-,  ItlSS).  Alu  aeo  Eiig.  and  Bid.  Rand.,  vol  iviii., 
pp.  B7-S0  (1888). 
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INTEBMITTENT    FILTRATION    AND     BROAD     IRRIGATION     AT    THE 
LONDON.   ONTARIO.   HOSPITAL  FOR  THE  INSANE. 

The  sewage  dinpoRal  syBtem  at  the  Lonrlon  (Ontario)  lusane  Hotl- 
pitiU  IB  HO  iutere»tiug  tliiit  a  »tioi't  descriptiou  of  it  in  mcluded  in  this 
volume,  although  it  is  not  in  the  United  States. 

Previous  to  IHS'J  thu  sewage  from  the  hospital  watt  delivered  iuto  n 
aniJill  liriKik,  trilmtiiry  to  the  South  branch  of  the  Thanies  river,  which 
Hows  through  the  city  <'t  London.  This  liroiik  has  only  a  small  <h'ain- 
age  area,  and  frequently  Wcomes  nearly  dry  during  the  summer 
seawou.  The  population  of  the  hospital  is  over  1.0110  and  the  daily 
amount  of  sewage  about  tiO.OOO  gallons.  The  necessity,  therefore,  for 
some  nieaiia  of  disposal  other  than  iuto  the  brook  had  been  for  a 
liiimlier  of  yeam  very  apparent. 

In  i8)S8  Col-  Ueo.  E.  U'juiiig,  Jr..  M.  Inst.  t'.E..  was  requested  to 
exnmiue  the  whole  questiou  of  sewage  disposal,  and  report  plans  and 
such  iuformatioD  as  would  be  iiecesBary  for  eiiiTving  out  the  work 
ml  vised. 

A.S  soon  ns  possible  after  receiving  this  commission.  Col.   M'ariug 

jorted  a  project,  which  wiw  immediately  carried  out,  substantially 

I  follows : 

Tlie  original  system  of  sewers,  which  received  storm  and  roof  water, 
was  left  intact,  and  a  uew  system  of  small  vitriiieil  pipes  laid,  couuect- 
iog  with  all  fixtures  throughout  the  buildings,  and  flushed  by  nuto- 
malic  tiush-tauks  located  at  the  heads  of  tlic  several  lines,  Tlie  new 
sewers  all  deliver  into  an  undergroiuid  tank,  of  a  capacity  of  lOO.OOtt 
gallons,  near  the  main  hospital  buildiug.  The  sewage  is  delivered 
from  the  sewers  into  a  screen  chaml>cr  at  one  end  of  the  tank,  and 
passes  through  a  vertical  sciveii  into  the  tank  proper.  Ventilation  of 
the  tank  is  secured  by  means  of  six  man-holes,  three  at  one  end  having 
jierforated  covers,  and  tljrec  at  the  other  end  counecteil  by  ten-inch 
pipi-R,  laid  underground,  with  the  chimney  of  the  pump-houee. 

riic  disposal  area  (Fig.  81),  amounting  to  30  acres,  is  so  sttnatttd 
with  reference  to  the  hospital  buildings  as  to  render  delivery  of  the 
sewage  thereto  by  gnivily  impossible,  and  atvordingly  a  pumping 
station  was  eiixted  al><)ut  30  feet  east  of  the  tank,  eontaiuing  an  eight- 
inch  Webber  centrifugal  pump,  driven  by  a  25  horse-power  Westing- 
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liouBe  automatic  engiiie.  Tlit-  suctiou  is  a  Wu-iiieL  iron  pipe,  ilippiiie 
iuto  a  small  sump  in  the  bottum  uf  tLe  taiik  ut  the  lower  eiid  in  ttuih 
manner  as  to  admit,  when  neeeasavy,  of  the  sewage  beiug  entirely 
pumped  out.  This  pump  hits  a  capacity  of  aboiit  GO, 000  g:alloii9  per 
hour;  heuce,  for  the  present,  about  one  hour's  pumping  per  day  will 
be  all  that  is  required.  Thu  discharge-pipe  is  an  eight-inch  spind 
riveted  pipe  l,52fi  fett  long,  which  enters  the  bottom  of  a  brick  diy- 
tributing  well,  4  feet  in  diameter,  at  the  disposal  Held. 
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Fia.    81. — DtSFQSAL   AllKA,    nOHPITAL   FOR   THR   iNBAJtE,    LoHOON,    ONTARIO. 

The  method  of  disposal  is  intermittent  tiltratiun  supplemented  by 
broad  inigatiou.  For  this  purposi'  an  area  of  about  live  acres,  at  the 
highest  portion  of  the  disposal  held,  baa  been  levelled  and  laid  out  iu 
absorptiou  ditches  after  the  manner  shown  in  the  cross-section.  Fig, 
82.  The  balance  of  the  field,  consisting  of  about  12  acres,  is  provided 
with  a  main  canier  and  distribution  ditches  for  use  as  an  irrigation 
area  whenever  the  filtration  area  is  overworked,  or  whenever  during 
the  growing  season  the  sewage  can  be  profitably  utilized  thereon  for 
growing  crops.     The  intermittent  filtration  area  is  divided  iuto  threa 
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parts,  into  one  of  which  the  sewag-e  is  run  for  oue  day,  thiK  aiTango- 
nient  ^viii^  two  days'  rest  for  ii  suction  after  each  applit-atinu. 

The  eoDBtructiou  was   begrim  in   October,    1888,   and    completed   iu 
June,  1889,  the  work  being  done  by  the  Dbpui-tnient  of  Public  Works 


!■ a'.a <fi /elo    * -  a'" 


Fjo.  82. — SttCTioN  OF  Absorption  Drrcusa. 


of  Ontario,  under  the  general  direction  of  the  Arc hitect-in- Chief  of 
tbe  Department.     F.  W.  Farqiihar,  C.E,,  of  the  firm  of  Waring,  Chap 
man  &  Farquhar,  Civil  Engineers,  of  Newport,  Bhode  Island,  acted  oh 
resident  engineer. 

The  entire  cost  of  the  work  was  in  the  neighborhood  of  $15,000,  the 
principal  items  of  construction  being  as  follows : 

1  seWBgo  eoliecting  tank. 

1  punip-Loii»e  containing;  boiler,  pamp,  and  eagine. 
1,5'JG  fi'et  s]ii['al  rivplix!  (orce-main. 

3,865  feel  6incL  sewera. 
640  feet  4-ini'li  sewers. 

2  automiLttc  flii>ili>tatikB. 
1  distribiitiup-well. 

320  feet  18-iiicl]  channel  pipe. 
2,7lH)  feet  3-inch  tile  undeiiiraiDa, 
2,700  feet  4-inch  tile  unde  ill  tains. 
1,250  feet  C-ineli  tile  iiniJei'druina. 
8,0W)  cubic  vurds  giading. 
10.800  feet  settlint;  ditches. 
2,700  feet  irrigating  dilclies. 

Tlie  following  extracts  from  Col.  Waring'a  report  to  the  Department 
of  Public  Works  indicate  a  number  of  interesting  details,  which  have 
been  mostly  omitted  in  the  foregoing  general  account. 

The  plan  sent  .  .  .  nhows  .  .  .  the  new  <lraina  recommended  for  tlie 
coUtielion  and  removal  of  fmil  wastea.  These  all  lead  to  an  underground  t«iik,  to 
be  eonBtmirted     ...     to  the  rear  of  the  neKt  iring  of  the  maiu  bnildjug. 

Tlie  detuilM  of  lliia  tank  nie  shown  in  the  dniwin^p*.  (See  Fig.  89,)  Its  interior 
size  'v\  TO  feet  by  40  fnet :  wbIIh  16  inches  thick,  with  bottom  of  concrete.  It  is 
covered  by  tbiee  InnRitiidinal  nt^hes,  12,66  feet  spun,  12  iiicheH  thick,  n'bicli  re«t 
on  two  I'liigilndinsl  n-alh  nitb  archeil  openings.  The  flooi'  <if  llic  lank  is  Rrud«d, 
vaiyiiic  lo'tween  ftevati»i)  31, !<  and  32.3  respective ly.  Kach  aeetiou  Itas  a  lonKitii- 
dinal  dminage  gatler,  with  its  up]>ei-  end  at  32.22  and  its  lower  end  nt  31.98,  31.91, 
31.!)i>.  >vith  a  cross  gutter  leading  lo  a  samp  four  feet  in  diameter  with  ite  bottom 
lit  t'lade  30  0. 

Tlia  lioftnra  of  this  >inm]i  is  liemisplierieal.  and  tbe  snctioa  pipe  of  Ih«  pami)  ia 
centially  Im'nli-d,  hiivinK  ms  imdn's  spaee  lielwein  ils  montli  and  the  bi'ftnui.  1  his 
nni'ii'h  f<]ionlil  bi'  bell.shniied.  not  stmii^lit  ua  Hlmwn  in  the  dmuing,  The  rilevulinn 
of  the  ground  nt  this  point  is  4T.5,  making  the  surface  of  the  floor  of  the  tank 
about  lu  feet  below  the  surface. 
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There  are  three  iiiaii'holes  at  eaeh  end  of  tiio  tank,  with  covers  at  the  surfnco  of 
the  ground.  At  tiie  receiving  etid  of  the  tank,  at  the  hend  of  the  eentiiil  ctinmber, 
is  a  Kcreenin^  vliaruber  raschiag  to  the  enrface  ot  the  Rronnd  and  with  jta  bottom 
at  elevation  34.4. 


The  opening  from  tbia  chamber  into  the  tanlt  ia  8.33  feel  wide,  and  it  is  provided 

witli  a  Rcreen  earned  in  Blots  in  the  side  wuIIb  4.5  feel  high   in  the  centre.     Tbia 

screen  is  to  be  made  of  wrought  iron  and  galvanized ;  the  vertifal  hars  to  be  of 

half-inch  round  iron,  and  the  openings  between  them  one  inch  wide.     The  top  of 

32 
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this  Bcreoning  ubamber  ii*  cnvored  at  the  snrfiice  of  the  grouod  witb  »  hingt  <1 

wooden  cover. 

The  receiriiift  well    .     .     .     is  to  be  coiiBl.i'ticted  as  shovo  in  the  drawings. 

Its  inlet  is  at  ilie  bottom,  nud  the  fort-e  niuin  haa  a  uontiiiuoiis  rise  frimi  ilie 
pnmp.  The  {inmp  lins  no  valvo.  Tlierefore,  wljeiiever  tho  pnmii  is  slopped  ibe 
t'liiitcntH  ijf  the  leueiving  well  ati<l  force  niniu  will  (tow  back  into  the  tutik,  so  tliut 
there  will  he  no  liouhji'  from  ti'ecKing. 

At  the  hi}j;he3t  part  of  the  field  a  tract  ...  is  brought  to  an  absolute  larol 
at  an  (-levalion  of  about  45.H. 


Pia  84.— BscnoH  or  CAiintRii  Dii'i'iixs. 

This  level  tract  is  luid  off  ill  eonimtiuieutiug  puruUel  ditches  .  .  .  «nd  it. 
anderdiiiined.  .  .  .  the  intiiM  outlet  fioni  the  receiving  [diNtritratiDg]  well 
has  a  full  of  one  in  IKNI.  Al  its  Iinver  end  it  delivein  itiio  n  disti'ibuting  ditch, 
which  in  conliuiied  bv  a  cariii'r  paiulltil  with  the  wchI  si<lu  of  tho  field,  from  which 
carrier  two  distributing  ditches  iiie  laid  as  shouu.  (See  Fi»^.  R4  and  9R  for  sec- 
tioDD  of  canier  und  diHtrlbtiting  ditciies.) 


Pio.  Sfi.— Dktaiu  Of   I>ibtribi:tis<i  Wki.i.,  Hobpit*!.  roR  th«  iMSAxm 
I.oNnoN,  Ontario. 

The  carrier  ditch  haa  the  uutuml  foU  of  the  lond :  the  distributing  ditches  liav«  • 
fall  of  one  in  500.  At  ik  )>oinI  southeast  from  (be  level  lii^ld  there  is  u  short  levri 
Botoh  ditcb,  intended  to  iatrrvepl  ili«  HurfttRC  flow  ••!  hohuk*'  down  the  sle«p  ulop* 
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near  it,  and  distribute  more  evenlT  oTer  the  depression  below.  The  need  for  tlie 
catch  ditch  ma;  be  avoided  b;f  Hnch  gnding  at  this  part  of  the  ti-act  as  will  bring 
the  contoars  more  nearly  parallel.    .     .     . 

The  mMn  outlet  from  the  receiving  well  is  to  be  made  of  half  pipes  (vitrified). 
This  pipe  is  to  be  withont  sockets,  and  is  to  be  laid  in  vitrified  eollars  or  gleeves. 

It  the  flow  throngh  the  distributing  ditch  in  art'ested  at  any  point,  as  it  maj  be 
b;  sticking  a  wronght-iron  gate  into  the  earth,  making  a  dam  across  the  top,  the 
sewage  wiJi  overflow  for  a  greater  or  less  distance  above  the  dam  according  to  the 
volume  of  the  current.  If  the  dam  is  placed  first  at  the  lower  end  of  the  upper 
distributing  ditch  it  will  overflow,  for  example,  200  feet  above  the  dam.  When  the 
ground  to  be  reached  b;  this  overflow  has  received  a  anflScient  snpplj  of  sewage 


Pio.  8tf.— SKcnoH  Of  DisTRisnTiNo  Ditckes. 

the  dam  is  placed  higher  up  stream,  and  the  overflow  carried  over  the  next  section 
of  200  feet,  and  then  in  like  manner  to  the  third  section.  Should  the  gronnd  be- 
tween the  two  ditches  not  be  able  to  absorb  all  the  sewage  discharged  npon  it,  the 
overflow  will  be  caught  by  the  second  distributing  ditch,  and  if  its  qnantity  is  suf- 
ficient can  have  its  distribution  regulated  by  the  placing  of  a  dam  there  as  above.* 

*  The  unTOH  of  infonnation  in  ragurd  to  the  wwsge  dupoul  at  the  London,  Ont.,  Inuae  Ho>- 
piUl  ue  :~(1}  Tbe  Tth  An.  Rept.  of  tbe  Prov.  Bd.  of  HeUth  {1SS81,  which  contain!  CdL  War- 
iDg'sRapt.  to  thoDept.  Pab.  Wka.  ud  the  Rept  of  a  Com.  of  Ptot.  Bd.  Health,  eto.;  (S)  Bng. 
ft  Bldg.  Hood.,  vol  II.  (1889),  p.  110 ;  (S)  a  paper.  "  DiBpoul  of  8mn^  at  Lug«  lutitatiana," 
in  the  Amerioan  Arohitect  for  April  U,  1992.    Bj  Ool,  Waring. 
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CHEMICAL    PRECIPITATION     AND    INTERMITTENT    FILTRATION    AT 
THJ:  ROCHESTER,  MINNESOTA,  HOSPITAL  FOR  THE  INSANE. 

The  originHl  niftiiod  of  ilisposiu^  of  the  sewage  of  this  Hosjiital  was 
by  tnniiug-  it  directly  into  Silver  creek,  )l  sintill  stream  tlowinj^r  a  f^*^ 
hundred  feet  distant  from  the  buildings.  The  pollution  of  the  Htream 
had  been  for  a  iniinber  of  years,  however,  the  subject  of  complniiit  ol 
the  T'liit  of  the  ripaiiiiJi  owuerh.  The  matter  ivaw  tiually  refen-ed  to 
the  MinneKotii  State  Board  of  Health,  who  directed  Dr.  Charles  N. 
Hewitt,  secretary  and  executive  officer  i>f  the  Board,  to  examine  the 
cane  luid  report  tlicreon.  Dr.  Hewitt  reported  that  the  discharfre  nf 
cnide  sewage  into  t!ie  Htreiim  wns  the  simree  of  a  serious  uuieiince 
which  ought  to  be  immediately  abated. 

The  ('ontrolling  Board  of  the  Hospital  thevpupon  employed,  in 
January,  IHIIU,  W.  S.  MacHarg,  C.E.,  of  Chicago,  who  proposed  a 
scheme  of  chemical  preeijiitutitm,  supplemented  by  intermitteut  littra- 
tion.  Mr.  MacHargs  plans  were  submitted  to  the  Controlling  Board 
on  February  5,  IKIHI.  and  accepted  by  them,  snbjeut  to  the  approval  of 
the  State  Board  t>f  Health,  which  was  given  on  February  21.     Con- 
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Mtvuctioii  wiL-s  immt'diately  IjegTin  and  the  works  put  in  operation  Ni>«- 
emlier  1,  1890.  The  genei-al  nrrangement  of  the  works  and  the  creek 
are  shown  by  Fig.  87.  The  detail  of  the  precipitution  tanks  is  shown 
by  Fig.  88. 
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The  present  population  of  the  Hospitiil  is  (il>nut  1,050  personK  anil 
'the  sewage,  anionntiiig  to  60,00(1  galloiiH  a  <lny.  Hows  to  the  precipita- 
tion tackB  tliroiigh  n  10-iiich  pipe     The  Sottas'''  coiisistH  only  of  the 
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charge  from  watei-closeta,  bathn.  tniletK,  kiti'heim,  laundries,  etc. ; 
rm-water  is  adoiitted.     The  tuiikuj^e  is  of  sufHcieut  capacity  to 
landle  75.000  gallons  per  day.     Tlit^  tanks,  four  in  nnniber.  are  ar- 
,  ranged  (or  a  deptli  of  sewage  of  4  feet ;  they  are  worked  on  thw  cou- 
tinuons  system,  one  being  cut  out  each  day  and  cleaned  preparatory  to 
'  rt'ceiviiig  the  sewage  during  the  night,  when  steam  ia  not  available  for 
^immpiug. 

^H   Shone 'b  Hydro-Pneumatic  Ejector  i«  used  for  pumping;    the  air 
^ftompresBor  and  air  receiver  are  located  in  the  engine  house,  aliont 


fiOS 


SEWAGE  DISPOSAL   IN   THR   nSITED   STATE;:. 


1,000  feet  from  the  ejector,  the  «jr  supply  being  carried  thereto  tbrongb 
a  3-iuch  pipe.  The  ejector  is  set  low  enough  to  allow  the  sewage  and 
sludge  from  the  bottom  of  the  tunka  to  flow  to  it  by  gravity. 

A  4-inch  main  leads  from  the  ejector  to  the  filtration  area  at  the 
right,  and  ulsu  to  the  sludge  ilisposal  area,  a  shoii  distance  to  the 
left.  The  soil  of  the  filtration  jireji  is  pniirie  loam  to  thi^  depth  of  16 
inches,  below  which  is  sand  and  gravel.  At  about  «ix  feet  is  fnimd  a 
strong  flow  of  ground-water  in  the  direction  of  the  creek.  At  thi» 
ilepth  3-inch  mulerdrains  are  laid  in  lines  about  25  feet  apart,  vtitii 
the  main  outfall  drain  6  inches  in  diameter,  as  indicated  on  the  plan 
No  details  of  the  mi-thud  of  laying  these  drains  are  furnished.  The 
following  from  Mr.  MacHarg's  report  will  serve  to  indicate  the  othw 
essential  features  of  the  project : 

As  a  conseqaence  of  the  i«a.sous  I  have  addni'ed,  I  recommend  that  a  double 
process  be  usi^il  ;  that  which  is  at  thu  |jrt-seut  luomeut  the  csHult  of  Ih<.'  best  jmlg- 
meat  of  the  facts  which  have  uccumuluted  from  experipnce  extending  over  maD^ 
years  and  incluJiiig  manv  iii'oces.ses. 

This  jiroeess  in,  tiist,  the  ckrilicalion  of  the  sewagp  liy  diPinieal  pifcipitalion  or 
Hiibsideiice  in  tAuks  ;  anA,  second,  the  diN]U)sal  of  the  cHiuiiit  tir  iulemiitteiit  tlllia- 
tion  upon  land,  und  of  the  sludge  hy  mixture  with  earth  us  maiillie.  Tlie  filtlltlinu 
of  the  effluent  wiiter  is  not  es^elJl)ll,l  except  wLeie  a  liJfsJi  staudiiid  of  piirilv  is  if- 
quii-ed  in  the  alreum.  It  mav  therefore  be  so  used  ailvantngeously  during  sn<-li 
part  of  the  year  as  the  ground  is  not  frozen,  and  duiing  extreme  cold  woalliur  "r 
during  heavy  rains  may  be  disclinrged  directly  into  the  stream  withont  offence. 

The  advantage  of  this  process  is,  1  think,  obvious  ;  the  ckrillcntion  in  the  tnnke 
removes  all  snsi«nded  matter,  wliich  is  the  uiost.  offensive,  and  if  proper  ciiemicaU 
are  used  for  precipitation  most  of  the  dissolved  impurity  may  be  I'emoved,  luiil  au 
effluent  bo  obtained  wliich  may  be  dischnrged  into  any  si  ream  not  used  for  domes- 
tie  wafer  supply  without  disagreeable  consequences  ;  the  clarified  effluent  water 
may  he  used  in  irrigation  to  the  advantage  of  crops,  and  almost  all  the  dissolved  ini' 
purity  will  be  removed, 

Haviii)^  nltcrnative  ways  of  disposing  of  the  effluent,  you  are  tbiis  made  indci*n- 
dent  of  climatic  conditions,  and  the  drainage  of  the  hospital  is  continued  williont 
offence  to  uiljojning  property. 

To  accomplish  this  result  I  provide,  as  shown  in  the  accom)>aiiying  plans,  a  lank 
lai^e  enoueli  to  contain  one  day's  flow  of  sewage  for  a  probable  1,'JttO  pei-soua,  or 
about  75.000  gallons  (?)  ;  Ibis  lank  is  to  be  built  of  masonry  or  concrete,  with  par- 
titions and  chanuelK  so  armnged  that  any  one  section  muy  be  cot  out,  emptied.  auH 
cleaned  without  inlei'fei'eiico  with  the  conlinnons  use  of  the  tank. 

For  the  di  iposal  of  the  effluent  water  I  projHise  to  onderdiiiin  almnl  two  acres  of 
land,  and  ]ireiiare  it  with  (he  iicc^ssary  banks  and  channels  on  the  stirluce,  A  pipe 
is  to  be  laid  from  efSiient  end  of  lank  to  th.i  ejector,  and  from  ihe  ejector  to  tli« 
field.  Tliis  pipe  will  be  Inunchcd  as  shown,  and  llie  sewage  be  allowed  lo  flow 
over  one  jiortion  of  the  field  on  one  day  and  over  anotlier  on  the  next.  Hy  diviil- 
ing  the  field  into  four  jiortions,  each  serliou  hiis  one  day  worl;  and  three  days  ii-^L 
By  tliix  iiileruiitteiit  use  Ihe  extremely  cAicxcnl  action  of  eartli  tUtraliun  Is  nbuitiod, 
A  very  oiilinary  class  of  attendance  ia  reijuiifd  upon  the  fillralion  area.  Ctrtain 
crops  may  be  grown  upon  this  men.  lint  this  method  is  nut  founded  u)»>n  an.y  idrn 
of  netting  II  money  vjiliie  out  of  sewage. 

To  earn'  awny  the  sludge  deposiieil  in  the  lanks  an  inlet  pipe  is  connected  to  thf 
ejector,  branching  and  connecting  to  the  Vmttoni  of  each  scclioo  of  the  tank,  wi'h 
an  ojiening  at  the  floor  and  with  a  hiancli  with  a  tlcmliug  arm,  The  floor  conii.-i-- 
tiuQ  in  stopped  trith  a  plug  and  the  arm  is  fi'ee  to  rise  and  fall  wilii  the  vatcr, 
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uud  llii'  fli>ii1iu(j  euil  coveieil  ivitli  a  si'reen.  From  t.lic  hiiIIpI  of  i-jpctDr  a  pipe  is 
rau  to  niiy  iiurt  of  'he  h>w  land  near  tlie  brook.  A  poHion  i>f  lunil  ia  exc(ivut*d  to 
reueim  tlie  sludge.  Tbe  sectiijii  of  the  tank  to  lif  cleHiit-il  is  c'losed  off  at  the  l'Iibh- 
nels,  and  Iha  clear  water  allowed  (o  flow  fbroiigh  llie  nriii  to  tlie  I'jeclor  and  de- 
livei-ed  on  to  the  irrigftting  Held  ;  when  llie  floating  arm  lias  fallen  to  tlie  lev.-!  nf 
the  Hlad|;o,  tli<-  plu^  in  Ihf  liottoui  in  ilni»ri  imt  iitiil  Ilie  sludge  din('hni>;<ed  lij 
meaiiB  of  llie  ejcL-lor  IhruUKli  llie  \'\]v  lii-fuLe  liieiilii)Lieil  ii)hid  lli«  escaVrtlinii  pie- 
pareil.  M'lieu  nil  tlie  "hidpe  k  diBcliari'iHl  Ihc  lank  is  washed  out  nud  tin;  ejct^tor 
discoonecliiii  fiom  it,  and  thi-  imik  ]nii  «)j;aiii  iii  service  Ttie  sludge  ia  envi'U-d  in 
lite  eicavation  with  fresh  euilh  and  nlkiwed  tcj  fioljilify;  neveiul  layeln  luay  he  put 
ill  each  excavation,  and  when  leqiiired  inaj  be  dug  out  and  used  for  niaiiiire. 

A>i  I'Rj^ardx  the  use  of  ehemicalH  to  precipitalo  the  8cwaj;e,  ai:d  thei'^fore  render 
the  etUuent  more  nearly  pure,  I  think  lltat  it  will  l>a  necesKarv  during  the  greater 
pnil  of  the  year.  While  the  ettliient  is  lieing  used  ujion  the  land,  vegetuliou  and 
Itactei'ial  action  in  the  tiiUated  soil  will  acconiplirth  all  that  ia  ueceesaiy  in  the  pufi- 
flcatioii  ot  the  waler,  and  you  will  only  nr>ed  to  have  i-ecourao  to  the  precijiitanta 
duriiiB  such  periods  as  you  winli  to  dischiii'Ke  into  the  brook.  This  means  neces- 
sarily through  llie  winter  and  possibly  during  long-continued  wet  weather. 

The  chemicals  most  available  are  lime,  aulphate  of  alumina,  and,  under  some 
oil'cllnistances,  sulphate  or  jierrhloride  of  iron.  I'heBe  are  all  used  in  the  crude 
form,  as  purity  and  consequent  increased  cost  are  unuecessaij.  Clay  is  also  aaed 
as  an  absorbent  to  facilitate  deposition.  Lime  nsed  alone  i.t  efilrocious,  but  pro- 
ducer a  sludge  which  under  some  circumstances  becomes  oGTeusive.  Sulphate  of 
aliimiua  with  clay  produces  good  results  ;  with  either  mixture  a  .small  amount  of 
one  of  the  iron  sidis  is  snmetinies  used  an  a  deodorizer.  The  es|jeiietice  with  these 
pre])arationH  is  mostly  English,  and  af(  tlieir  sewage  i.s  less  diluted  than  oui*  it  ia 
probable  that  you  will  need  to  determine  the  mixture  which  will  give  you  the  most 
satisfactory  results. 

TliP  woik  was  liirgely  ronstmcted  by  the  labor  of  the  hospital 
pdtioiitH,  and  statements  as  to  actual  cost  are  lacking.  For  operating 
the  works  one  man  in  spet-ially  employed,  who  U  assisted  aomewhat, 
when  necessary,  by  the  pntienta. 

A  letter  from  the  superinteudent  of  the  hospital,  received  in  April, 
1892,  states  that  no  trouble  has  been  esperieuoed  in  secnring  on 
efficient  winter  puriticntioii  during  the  two  winters  that  the  disposal 
works  have  been  in  operation.  Both  the  winters,  however,  are  stated 
to  have  l>een  aomewhat  warmer  than  the  average.  The  sewage  prob 
ably  reaches  the  precipitation  tank  in  cold  weather  with  a  temperature 
of  at  least  45°  F.* 


*Tbe  chitf  ■ouFce  of  information  in  regard  to  tbe  Bewage  dlBpoHftl  at  tho  Roi:hcater  Inianc 
Hoapititl  in  the  Ubti  Biennial  R«pt,  uf  the  TrUBttes,  etc.  for  the  Bieimial  Period  Ending  Jutjr  81, 
t8Afl,     Alio  see  Bog.  and  Bldg.  Reoord,  vol  xxiiL,  p.  72, 
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CHAPTER  XXSVn. 
INTERMITTENT  FILTBATION  AT  MABLBOROUGH,  MASSACHUSETTS, 

MAltLBOltoUOU,  MattHacbu setts,  u  town  witli  a  population  in  1890  of 
13,805,  is  situated  on  the  influent  streams  to  Basin  No.  3  of  the  Sudbun' 
river  water  supply  of  the  city  of  Boston.  While  the  town  has  only 
just  constructed  a  sewerag'e  system,  it  has  nevertheless  resulted  that 
Basin  No.  3  has  been  considerably  polluted  by  the  drainage  of  Marl- 
borough. 

In  1888  an  Act  passed  the  Massachusetts  Legislature  authoriziiiir 
the  town  of  Marlborough  to  lay  out,  construct,  and  maintain  a  system 
of  sewerage  and  sewage  <lisposal.  Under  the  pi-ovisions  of  this  Act 
the  town  authorities  designated  M,  M.  IHdd,  M.  Am.  Soc.  C.E.,  (if 
Boston,  to  prepare  the  necessary  plans,  which,  after  a  number  of  hear- 
ings, were  finally  appivaved  by  the  State  Board  of  Health  on  Janunn- 
7, 1890.  The  plans  presented  by  Mr.  Tidd  included  the  delivery  of  the 
sewage  c()mpletely  outside  of  the  Sudbury  river  water-shed  and  its 
purification  by  intermittent  filtration.  In  consideration  of  carryiu^ 
the  sewage  outside  the  Sudbury  water-shed  the  Boston  Water  Boai-d 
have  agreed  to  contribute  $62,000  toward  defraying  the  expenses  of 
the  work  of  consti'uction.  Desmond  FitzGerald,  M.  Am.  Soc.  CK. 
represented  the  city  of  Boston  in  this  connection.  The  sewerage  sys- 
tem, which  is  of  the  separate  tyjte,  was  completed  early  in  1892,  ami 
the  disposal  area  shortly  afterward. 

On  June  23, 1892,  there  were  about  350  sewer  connections.  As  the 
total  number  of  water  connections  at  the  close  of  1890  was  1,794.  and 
the  population  of  the  town  in  1890  was  13,805,  it  is  evident  that  the 
amount  of  sewage  to  be  purified  is  small  compared  with  what  it  will 
be  in  the  future. 

Tlie  town  introduced  water-works  in  1883,  and  the  consumption  of 
water  in  the  early  part  of  1892  was  about  325,000  gallons  a  day,  but  ni 
4.30  P.M.,  May  12,  1892,  after  a  dry  spell,  the  flow  through  the  outlet 
sewer  was  at  the  rate  of  330,000  gallons  a  day,  and  on  May  25, 1892,  at 
9  A.M.,  after  heavy  rains,  the  rate  of  flow  was  790,000  gallons  a  day. 
I'he  measurements  on  each  date  were  made  by  observing  the  time 
taken  to  All  the  separating  tank  once. 

flrouud-water  is  the  only  explanation  for  this  large  flow  through  the 
sewers,  for,  as  has  been  stated,  not  more  than  one-iiftLv  of  the  wat^r 
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('uiisuuieiti  lire  coimec;te<i  with  sewers.  T'ufoiiuiiiitKil.v,  Mailborou;?!!  is 
uot  the  uiily  town  where  an  excessive  timoiiut  of  groiiiul- water  fiiiils  its 
way  iuto  the  seweis.  The  city  of  Boston  would  not  allow  Marlhoroii^h 
to  put  in  uiHlenlriiiuM  because  it  ioaied  that  sewage  would  jmss 
through  defoL-tive  sewer  joiuta,  aud  into  the  ilniius,  und  thna  Knally 
inti>  the  Boston  water  supply. 

The  HltratioL  arean  iirn  lofiited  ahout  two  miles,  in  an  air  line,  from 
the  outskirts  of  the  villag'^,  as  shown  by  Plate  V.,  Fig.  1,  and  some  31 
luilea  from  the  last  house  foiinection,  measured  on  the  pipe  line.  The 
nearest  house  is  about  1.000  feet  from  the  filter  areas.  There  are  two 
other  houses  about  l,.50l}  feet  away,  and  no  more  within  about  a  mile. 

The  sewage  passes  from  the  villaj^e  to  the  disposal  area  through  an 
outlet  sewer  of  vitrified  pipe.  \  separating  or  settling  tank  removes 
the  sludge  from  the  sewage,  after  whith  it  |>jiHses  through  iron  pipes 
to  the  several  filter  beds,  of  whieh  there  aie  now  1-1  in  use  besides  the 
six  smalt  ones  used  for  emptying  the  sludge. 

The  amingement  and  details  of  tlie  purification  plant  are  shown  by 
Plates  V,  and  VI.  Fig.  2,  Plate  V.,  is  a  plan  of  the  filter  beds.  Only 
30  of  these,  incluiling  the  (J  sludge  beds,  were  in  u.se.  but  it  is  proposed 
to  use  51  beds  eventually.  The  14  filter  beds  now  in  use,  with  their 
dividing  embankments,  cover  about  13  acres.  In  the  whole  tritet 
bought  by  the  city  there  are  60  acres. 

The  separating  or  sludge  tank  is  shown  in  plan  and  section  by  Fig. 
1,  Plate  VI.  It  is  of  brick,  in  two  compartments,  with  gates  permit- 
ting sewage  to  be  admitted  to  or  drawn  from  either  one  at  will 

The  conrse  of  the  sewage  in  passing  through  the  tank  is  shown  by 
the  drawings.  The  screens  perform  only  a  slight  sei-vice,  as  moat  of 
the  solid  mutter  settles  befi>ri'  the  sewage  reaches  the  screens. 

The  sludge  can  be  removed  fnnn  eitlier  lairk  to  the  sludge  carrier 
by  opening  the  cleaning-out  gate.  The  tiuor  over  the  tanks  is  formed 
by  iron  gnitinga  supported  by  I  beams,  3i  feet  centre  to  centre. 

The  character  of  tlie  24-iu.  iuHuent  gates,  and  the  ISiu.  gate,  which 
controls  the  passage  of  sewage  ilirectly  tti  the  bods  through  the  pipe 
on  the  partition  wall,  are  shown  by  the  18-in.  lift-gate,  Fig.  2, 
Plate  VI. 

There  is  also  shown  in  Fig.  3,  Plate  YI..  an  18-in.  swinging  gate, 
which  is  apparently  used  at  the  effluent  end  of  the  tank. 

Fig,  i,  Plate  VI.,  shows  in  detail  the  screen  used  in  the  separating 
tank. 

The  sewage  passes  from  the  top  of  the  tank  through  iron  pipes 
along  the  embankments  to  the  several  beds,  and  discharges  on  to  the 
beds  through  gates  and  short  branches,  the  bed  at  the  point  of  dis- 
charge being  paved.  Pig.  5,  Plate  VI.,  gives  a  plan  and  section  of  the 
outlet  to  the  beds,  and  Fig.  6,  Plate  VI.,  shows  the  two-way  10-in.  ver- 
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tical  gate  ased.     A  single  gate  constructed  on  the  same  principle  as 
the  two-way  is  used  where  only  one  gate  is  needed. 

The  sludge  passes  through  the  cleaning-out  gate,  already  mentioned, 
to  the  sludge  carrier,  shown  in  detail  in  Fig.  7,  Plate  VI. 

Sludge  was  lirst  removed  from  the  tank  in  April,  1892.  It  remained 
upon  oue  of  the  beds  for  a  mouth,  instead  of  being  speedily  removed, 
iiud  finally  became  offensive.  An  adjacent  farmer  removed  it  without 
cost  to  the  town.  On  May  25  the  sludge  was  drawn  from  the  tank 
the  second  time,  iiud  on  June  11  the  third  time,  in  each  case  a  farmer 
hauling  it  away.  The  taiik  fiUetl  full,  or  nearly  full,  of  sludge,  each  of 
the  last  two  times. 

The  crust  that  forms  on  top  of  the  filter  beds,  consisting  of  minute 
particles  of  matter  suspended  in  the  sewage,  is  harrowed  iu  from  time 
to  time. 

The  effluent  from  the  beds  discharges  through  underdraius  into  Hop 
and  Wash  brooks,  which  empty  into  the  Sudbury  river.  These  beds 
were  visited  by  Mr.  Baker,  June  17, 18i)2,  at  which  time  they  seemed,  so 
far  as  casual  observation  could  determine,  to  be  doing  good  work  and 
presented  no  unpleasant  features.  A  strong  breeze  was  blowing  over 
the  bods,  but  even  at  their  leeward  side  only  a  slight  odor  was  noticed. 

The  cost  of  the  tank,  tunk-honse,  filter-beds,  and  all  appurtenances, 
including  engineering  and  excluding  land,  was  $21,720.  The  outlet 
sewer  was  carried  2^  miles  farther  than  it  would  have  been  had  not 
sewage  purification  been  adopted.  The  total  extra  cost  caused  by  the 
construction  of  this  extra  pipe  line  and  the  filtration  b<eds  and  appur- 
tenances was  about  $C2,0U0,  which  was  met  by  the  city  of  Boston  in  re- 
tnm  for  the  removal  of  the  sewage  from  its  water-supply.* 
•  See  Eng.  Nem.  vol.  xxriil.,  p.  170  (Aug.  SS,  1893}. 


CHAPTER  XXXVm 

INTERMITTENT  FILTRATION  AT  THE  MAHHACHUSETTS  SCHOOL  FOR 
THE  FEEBLE-MINDED. 


The  Cuatoilial  Ward  of  the  Massachusetts  School  for  tlie  Feeble- 
Minded,  euiupleted  in  ISSi),  was  dysigiied  to  atscommodiite  about  150 
inmates.  It  is  loeated  Duiir  the  Kummit  of  ti  densely  wooded  hill  in 
Wallhiim,  The  natural  course  of  the  drainage  from  the  School  is  into 
the  Charles  river,  which  is  the  source  of  a  municipal  water  supply,  at 
a  point  a  short  distance  below  where  the  ilraiiiiitre  of  the  Cnatodial 
Ward  would  naturally  enter  it.  Under  the  laws  of  Massachusetts,  to 
which  we  have  ab'eftdy  referred  (p.  480),  it  therefore  became  necessary 
to  purify  the  sewage  before  allowing  it  to  flow  into  any  tributary 
stream  of  the  Charles  river.  Frank  P.  Johnson,  C.E.,  of  AValtham, 
WHR  accordingly  directed  to  pivpare  plans  for  sewage  iliaposal. 

The  plan  ]>repared  by  Mr.  Johnaon  and  carried  out  was  as  follows: 

From  the  Custodial  Ward  bnilding  and  the  laundry  ju«t  south  of  it 
the  sewage  iss  conducted  into  a  brick  sindge-trap,  shown  in  detail  by 
I''ig.  89,  where  it  halts  until  the  grease  has  risen  in  a  scum  to  the  surface, 
the  iuMoluble  matter  settled  to  the  bottom,  and  the  paper,  etc.,  become 
broken  up  and  held  in  suspension.  The  (i-iuch  inlet  enters  about  a 
foot  above  the  surface  of  the  sewage.  From  the  slndge-trap  a  4-inch 
ventilating  pipe  runs  into  the  boiler-house  chimney.  The  5-iuch  iron 
overflow  from  the  eludsre-trap  to  the  detaining  tank  is  T-shaped,  and  so 
placed  as  to  allow  the  effluent  to  pass  over  from  below  the  scnm  of  the 
gi-easG  on  the  surface  and  from  above  the  sediment  at  the  bottom  of 
the  sludge-trap.  An  8-inch  iron  pipe  and  gate  at  the  bottom  of  the 
shidge-trap  permits  the  grease  and  sediment  to  be  run  off  to  a  com- 
post heap  aa  often  as  may  be  necessary' — probably  about  once  in  three 
months. 

From  the  sludge-trap  the  sewage  passes  into  a  brick  detaining  lank, 
13  by  20  feet,  capable  of  holdii>g  the  sewage  of  24  hours,  amounting 
to  16,000  gallons.  The  bottom  of  this  tank  pitches  every  way  to  one 
comer,  where  is  placed  a  4-Uich  gate  through  which  its  contents  may 
be  discharged  when  desired,  and  a  siphon  through  which  the  tank 
automatically  empties  itself  as  often  as  it  becomes  full.  Above,  in  the 
same  comer,  is  an  overflow  opening  for  use  in  case  the  siphon  he- 
comes  clogged,  and  it  i^  so  placed  that  the  interior  of  the  detaining 
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tauk  may  be  viewed  tbrouph  it  from  the  inljoiiiiiif,''  niiui-liolf.  Thi* 
4-uieh  gate  and  the  siphon  are  iu  tliin  niiui-holo,  the  bottom  of  which 
is  one  foot  lower  than  the  lowest  joint  iuside  the  detaiuiug  tank,  so  as 
to  facilitate  the  aetion  of  the  siphou.  The  Hiphoii  is  primed  by  a 
priming  cup  oil  its  longer  leg,  aiid  at  its  top  it  is  piovidt-d  with  a 
special  arrangement  for  cleaning  should  it  become  clogged. 

From  this  point  the  sewage  tlows  into  and  through  a  small  distrib- 
uting manhole,  out  of  which  lead  three  earthen  ware  pipes  controlled 


'n/e/ 


Pig.  89,— DSTAIL8  op  DETAruiNfi  Task,  MASSACHrmtTTB  Sciiooi,  wj*  thb 

FKKHl.E-MlMllttl,    WaJ.TIIAU. 

by  as  many  gate  valves.  The  sewage,  if  necessary,  may  be  rmi 
through  one  of  these  pipes  out  over  the  hillside  among  the  dense 
nriderbnish  of  the  woods  before  mentioned,  but  each  of  the  other  pipea 
supplies  a  filtration  area,  of  which  there  are  two,  bo  that  one  may  b<* 
at  rest  while  the  other  is  in  serviee.  A  description  of  one  will  answer 
for  both. 

The  subsoil  of  the  hillside  is  gravel  that  would  be  excellent  for 
road-making,  and  is  overlaid  by  about  18  iuches  of  loam.  Averaging 
about  six  feet  fi-ora  the  surface  Is  rock.  TTiib  condition,  while  not  the 
most  favorable,  hiul  to  be  made  the  best  of,  and  it  wan  brst  under- 
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drained  with  ordinary  2-inch  circular  laud  tile,  laid  live  feet  deep  on 
lineB  50  feet  apart  following  the  direction  of  quickest  deHcent,  the  tile 
being  extended  far  enougli  above  the  disposal  area  to  intercept  what 


Btorm  water  might  come  fiom  the  billnide  above.  These  nnderdrains 
discharge  into  Clematis  brook,  a  tribiitai-y  of  the  Charles  river,  and 
receive  no  sewage  except  as*  the  purified  effluent  mny  enter  them  after 
titration'.  A  general  plan  of  the  dispotial  works,  including  the  titra- 
tion area,  is  shown  by  Fig.  90. 
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From  the  tliatrilmtin^  manhole  th«  sewage  passes  iuto  G-int-h  tuiiiuH, 
which  deliver  into  3-mch  feeders  laid  in  pamllel  lines  approximately 
at  ri^ht  angles  to  the  contour  lines,  or,  in  other  words,  on  the  lines  of 
t^ivatest  slope. 

Every  three  feet  ou  each  feeder  is  a  3-iuch  T-braueh  connecting  with  n 
fl  -lateral,  and  set  level ,  or  even  slifihtly  pitching  uphill,  so  ns  to  cause 
each  lateral  to  he  filled  in  succession  before  the  flow  reaches  the  next. 
The  Q-laterals  are  apprnsimately  puvallol,  and  follow  the  contour 
lines  of  the  surface  about  three  feet  apart.  They  are  covered  just 
deep  enoug-h  to  permit  of  ploughing  the  field  without  distiirbijig  thera. 
Ahout  5,000  linear  feet  of  laterals  have  been  laid  in  each  disposal  area. 

The  several  dotted  lines  on  Fig.  90,  numbered  from  70  to  160,  are 
contours  showing  elevation  of  surface.  For  greater  distinctness  auJ 
convenience  only  every  other  one  of  the  laterals  has  been  drawn.  The 
tiltratioii  system  is  shown  in  full  lines  and  the  uuderdrains  in  broken 
and  dotted  lines. 

No  separate  account  was  kept  of  the  cost  of  doing  the  work,  Its  exe- 
cution being  mostly  at  odd  times  by  laborers  elsewhere  at  work  on 
the  grounds,  as  it  became  convenient  to  spare  them.  This  was  by  no 
means  to  the  lulvantage  of  the  sewerage  system. 

The  engineer's  estimate  of  cost  was  $1,500,  and  the  probable  real 
cost  eouhl  not  have  been  far  from  Jl,600.  It  is  likely  that  it  could  be 
duplicated  under  ordinarily  favorable  conditions  for  $1,400. 

For  the  sake  of  economy  a  similar  but  slightly  difl'ereut  device  from 
the  tile  distributors  was  used,  siud  a  material  saving  efi'ected. 

The  works  were  first  operated  January  1. 1890,  and  are  reported  aa 
giving  good  satisfaction.* 

*  The  [oregning  account  of  thn  wwage  dinpotal  at  tbe  Hu*.  SchonI  tor  tbe  Feeble-mi  tided  ii 
dsived  from  a  deacciiitioii  by  Ur.  .lohiiaon  Drigirmlly  opattibut«<l  lo  l<!n|>  and  Bldg.  Rnod.,  ftp. 
peering  in  vol.  xxi.,  at  page  3t>0.  Mr.  Johneon  baa  kindly  levified  tht^  matter  there  given,  for  our 
here 

Since  tliia  ahapber  wai  written  pcnaiisioD  hee  been  gnntad  by  the  1cgi>i1atiii«  to  oonnect  tbe 
at-wvn  of  the  aohuol  with  (be  newenge  eyatem  of  tba  city  of  Wklthaiu.  The  le^alBtire  kot  ana 
approTod  Haicb  10,  1003, 


CHAPTER  XXXIX. 

SUB-smiFAOE  IRRIGATION  AT  THE  LAWRENOEVILLE,  NEW  JERSEY, 

SCHOOL  FOR  BOYS. 

The  Lftwrenceville  School  for  Boys  is  located  at  LftwreiiCG\'ille,  New 
Jersey,  a  small  town  about  half-way  betweeu  Trenton  and  Prince- 
ton.  Till*  liito  John  C.  Graeu  left  the  bulk  of  ii  liirge  fortune  to 
trustod.i  to  be  used  by  tUem  for  educational  and  other  imi^ioscH.  In 
1882  the  trustees  purchased  the  Lawrenceville  School,  and  proceed- 
ed to  erect  new  buildiu^s  and  makf  other  construct  ions  necessary 
for  placing  the  institution  upon  a  tboroug-hly  Urst-dass  tootiutj. 
Messrs.  Peubody  &  Stearns  were  designated  as  architects  to  ilesigu 
and  superintend  the  erection  of  the  bnildiugs ;  Frederick  Law  Oltn- 
sted  was  comniiHsioned  to  lay  out  the  grounds  ;  and  to  J,  J.  R.  Croes, 
M.  Am.  Soc.  C.E.,  was  intrusted  the  desifru  for  the  water  supply,  sew- 
eruge,  and  sewage  disposal  works,  which  latter  were  constructed  under 
the  personal  supervision  of  Frederick  S.  Odell,  M.  Am.  Soc.  C.E.,  who 
acted  uinler  the  direction  of  Mr.  (.'roas. 

The  following  is  the  description,  slightly  condensed,  of  the  sewer- 
age and  sewage  disposal  works  as  given  by  Mr.  Odell : 

The  nepeasity  of  disposing  of  the  sowagp  within  a  limited  orPd  of  tbe  grounds 
made  it  imiiorstive  that  its  volume  be  limited  to  a  miuimnm,  and  thei-efore  aJl  sur- 
face or  RubHoil  diuiruiKe  waa  excluded  from  the  sewers,  snd  disposed  of  ak  pre- 
vionHly  related  ;  then,  to  insure  positive  immunity  from  leaky  joints,  it  wa'*  decided 
to  nse  six-iDch  cast-ii'on  pipe,  with  leaded  joints,  for  the  newers. 

There  are  two  biHncb  lines  o(  sewers,  vitli  a  flnshing  man-hole  at  the  liead  of 
eaeh. 

The  two  branch  sewera  nnite  near  the  rain-water  reservoir  and  contiimo  to  the 
boiler-bonse  and  laundry,  near  wbich  is  placed  the  sewage  tank,  in  whii-li  the  aiilid 
mutter  in  the  aewa({o  is  allowed  time  to  depof^it  itself  on  the  bottom,  and  the  |»r- 
tially  clarilied  liquid  is  retained  until  it  is  desirnlile  to  discharge  it  into  the  snb- 
Rnrtuce  tiles. 

BSWAOB   VlBPOeU.   SVBTEM. 

The  sewaG^e  tauU  is  built  of  brick -work  undorgionnd,  and  is  in  two  sections.  The 
lirat  or  retuitiinK  aectiou  is  in  dnplirate,  otid  contains  six  compartments,  three  iu 
iMkch  sot.  Each  compartment  is  sixty  feet  long,  about  tluee  feet  wide,  and  four  feet 
deep.      [See  FIr.  !<!.] 

Tbe  seu'ap:<>  flows  into  one  end  of  tbe  tii'st  compartmeul.  passes  along  its  whole 
length,  and  at  the  otbef  end  passes  into  the  second  conipai'lment  throtiR'h  a  quar- 
ter-bend pi]>e,  with  tbs  moiitb  turned  dowii  below  the  level  of  tbe  outlet,  to  pre- 
vent BOiim  on  the  surface  of  the  liquid  fiom  passing  over  iuFo  the  second  compart- 
ment, through  which  the  liqaid  [lasses  to  its  further  end,  and  in  like  manner  into 
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llie  tliird.  at  tlie  fnrtlsov  etui  of  whioli  it  passes  over  a  weir  into  tlie  receiving  cliBUi- 
lier,  wliipli  iH  oireiJiii'  in  form,  tweutj-Hve  feet  in  diamoter,  and  eight  taet  deeji. 
From  tliit)  it  is  pumped  h\  a,  pulsometei'    pnmii  aK  often  as    neoesaaxj.     This 
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clianiber  is  ventilated  bv  h  pipe  IpikIidr  into  the  flue  of  the  boili^r-IjoMBe  ekimner. 
It  in  intended  that  whenever  nolidn  collect  in  sncli  quantiliea  llint  the  settling  eoni' 
partiiioDts  reqnii'e  cleaning,  the  sen'Hge  hIiuH  be  turned  in  the  duplicate  set  and 
the  Mhidge  removcii  fi-om  the  firat. 

It  is  found  timt  nearly  all  the  nolidn  are  deposited  very  near  llie  entrance  in  tho 
first  comnurtment,  and  to  cause  the  deposit  to  be  distributed  more  eveiilj  ovur  tlie 
bottom  the  natcrr  in  the  first  compartment  has  been  Hipliont'd  into  the  i-eeciving 
I'liaiiiber  two  or  three  times  wllliin  the  past  six  months.  The  nipid  subsidence  '  f 
the  ivater,  and  the  flow  of  incoming  aewage  durint-  thii  opeiaiimi.  distribute  tlip 
Hollda  over  the  bottom,  and  enable  the  coni]>artment  In  be  nfied  longnr  tHthOTlt 
cle^nuing  out  than  would  be  tlie  case  if  lliiH  distribution  were  not  made. 
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The  pulsometer  Loh  been  so  ai-raiiged  Chat  b,v  attaching  a  suctliiii  hose  the  water 
i'l  tUe  settliug  tanks  can  be  [nimpeil  nut  and  carried  :iCl)  teel  tbi-ongli  a  Lose  to 
farm  laod  plonghed  to  receive  i1.  In  JiLuiiary,  18)^7,  ttif  tauks  were  thu!<  emptied 
and  tlio  sludge  then  removed  by  a  farmer  to  whom  it  Lad  been  mdd.  There  were 
about  300  cubii';  feet  of  xhidge  removed  from  tbe  llrttt  section  of  each  of  the  aet- 
lliDg  tanks. 

The  irrigation  gromiil  [neu  Fig-  02]  ciimpriHeH  about  one  and  three-qnarters  acres 
ill  the  lower  part  of  tht  ncliuol  gitiiuids,  betweeu  the  boUer-lioiise  und  the  brook. 
it  it,  still  fui'ther  liniiteil  in  location  by  the  dam  and  pond  on  tiie  westerly  side, 
and  an  adjoining  owner  on  the  i;a.sterly  side.  It  is  tbe  lowest  portion  of  the  ocbonl 
property,  is  natm'uily  wet,  and  that  portion  near  thw  brook  (before  drainage)  was 
HWttmpy.  Its  selection  was  ii  matter  of  necessity,  it  being  all  tbe  land  available 
for  lljis  pni-poae. 

The  natural  sui'taco  of  the  ground  was  on  a  quite  nnifocm  slope  from  the  higher 
|>oi'tion  to  the  bruok,  so  that  very  little  surface  grading  wus  necessary,  but  it« 
thorough  subsoil  drainage  liecotne  of  the  greatest  iiniwrtaiice. 

To  accomplish  this,  parallel  tines  of  2-inch  round  agricultural  tile  were  laid,  10 
feet  apart,  discharging  into  the  brook. 


fta.  93, — Plan  of  Disposal  Wokks,  Lawkekceville  School. 

These  drains  were   laid  i  feet  below   the  surface  wherever  the  elevation  of  the 
brook  permitted  this  depth  ;  but,  by  reason  of  the  elevation  of  the  brook,  the 
lower  part  of  the  drains  were  not  d"ee|)er  than  from  2  to  2i  feet,  and  probably 
tlie  average  depth  ia  not  greater  than  3  feet, 
33 
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Tliene  ilr&infi  wera  effective  in  dicing  tlio  {(roiiad  and  pwparinK  it  to  receive  the 

aowage. 

Tlie  liistribuliug  or  sub-sur(noe  tiles  wore  laid  abwit  aiglil  ini'lies  l>eIow  the  s.nr- 
tace,  io  UL'arlv  parallel  liues  5  feet  apart,  on  iiiiitorm  gimlen  of  9  tu  Vi  iiichen  iu  IIH) 
feet.     [Sae  Fig.  92.] 

Tliey  are  '2  incbeH  in  diamaler  and  12-incL  leiigtLii. 

They  ii-e  laid  on  bed  pieees  of  the  same  iiiateiial  and  l«Ligth,  wliieli  cover  the  bot- 
tom joints.  Smaller  pieces  cover  the  top  joint,  leaving  an  opening  on  each  side  of 
i  X  \  inch,  out  of  which  the  water  cKcapea  into  the  Hoil, 

The  water  enters  these  lines  of  snli-sHrface  dmins  from  a  4-inch  carrier  leading 
from  a  chamber  into  which  the  pnlsometer  disi'harges,  and  in  nliich  are  the  Iwo  4- 
iiich  eai-rier  pijies  leading  to  different  mrts  of  the  ground,  into  either  iif  which  tht 
sewage  can  be  turned  at  pleasuie  and  the  two  sectiouN  of  tlie  field  used  alternately. 

A  special  branch  joins  the  '2-iuch  distributing  tile  with  the  4-iuch  carrier,  the  2- 
inch  tile  being  so  attached  that  its  bottom  i»  at  the  same  level  as  that  of  the  carrier 
from  which  it  bmnches,  so  that  if  but  little  sewage  is  flowing  in  the  currier  each 
line  of  drain  will  get  ita  Rhare,  those  iti  the  npjier  jMtrliou  of  the  fleld  being  pre- 
vented from  surcharge  by  either  flattening  tbe  grade  or  thiiDtlling  the  fli'st  aectica 
of  di-ain. 

Theru  are  about  six  hundred  feet  of  4-inoh  cari-i.'r  pijie,  and  about  twenlji 
thousand  feet  of  2-incIi  drains  on  tlie  1}  acies  of  ground. 

The  aniouiil  nt  sewage  water  averages  li.OOO  gallons  a  day. 

This  is  disclmrged  into  the  irrigation  tile  eight  times  in  u  moiiUi,  or  from  2(1,OU0 
to  25, (HK)  gallon.1  at  a  time.  The  di.scharge  from  Ihe  outfall  dlniiis  begins  very  soon 
after  the  tile  is  charged,  showing  the  gi'ound  to  be  vfi-y  porous. 

No  complaint  has  been  made  of  any  otlen^ive  odnr  iir  fimling  of  the  stream. 

The  irrigation  ground  Is  not  woiked  to  iieaily  its  ciL|iarity,  as  it  has  been  found 
that  the  sewagr^  does  not  flush  the  tiles  fnll.v  to  Ihe  lower  eiliemity  of  the  lineit ; 
and  while  the  growth  of  the  grass  on  the  ujiper  end  of  Ihe  lines  is  luxuiious  and 
rapid,  the  ground  over  the  farther  end  has  lemained  bare  or  with  very  scant;  vege- 
tation. 

The  cost  of  the  following  structui'eB  ia  made  up  fi'om  accounts  kepi  daring  cun- 

Btruotion  : 

Sewage  tank g2. 1(H) 

Irrigation  grounds. 2,1100 

With  the  eiceplion  oF  the  occasional  deficiency  in  the  eajiacity  of  the  iiiin-watfr 
drains,     .     .  the  ojieration  of  the  works  during  the  year  harv  been  very  satjt- 

factoiy. 

The  rcgnlftr  number  of  person.t  now  using  the  wnli'i  iiud  coiitvlbnling  to  the  •ew- 
age  is  lB(i.     The  works  are  designed  to  accoiiiiiiudnle  4110  people. 

The  water  supplied  for  all  purposes  avemged  B.OIH)  guihuis  ii  duy  tn  188(1,  varying 
from  f!.(KH)  gallonK  a  day  in  April  to  25,WK}  gallons  ii  day  during  nue  week  iu  Octo- 
bei',  1886,  when  Ibe  lawns  were  veiy  dry  and  a  new  sprinkling  cart  was  put  in  oee 
on  the  roads  and  hiwns. 

The  ftmoiint  of  sewajr*^  iit  Lnwveuceville  liiiH  frntdually  tncrejiaed, 
until,  in  1893,  it  averagpH,  during  the  rwhool  tc ("niH.  ahont  20.0IU1  gallons 
per  (lay.  Some  coniplaiiits  liaviiitr  I'i'eu  lufiilf  for  the  last  Iwii  yeiirs 
that  the  effluent  is  iuwiiflii'ifiilly  pdritit^il  aw  it  enlcis  the  liriiok.  thtt 
lnogcessivp  manafri^mi'iit  of  tlie  m-hool  ileterniiiiwl  to  extend  the  »ew- 
iijrt'  ilisjiosal  fiicilitios.  Tim  work  was  airaiii  intciisti-tl  ti)  Mr.  Trot^n. 
liut  ill  order  to  obtain  the  views  of  other  enpinefi's,  iipiiiionH  were 
HHked  from  Mr.  Alien  Hnzeii  and  Mr,  Itiiftcr.  Ifotli  nf  tlnw  s;entlemwi 
visited  LawrenceviUe  and  snliniitted  whort  reports  to  Mr.  ('roes  of  the 
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I  TesultH  of  their  examiuations.     Mr.  Rafter  was  there  on  Jaly  24,  18!I3, 

I  At  that  time  the  sehool  wan  not  in  seBsion,  and  the  daily  amount  of  ecw- 

Hge  averaged  only  live  or  six  thousand  fjallons  per  day.    The  original 

disposal  area  appeared  capable  of  still  hiindlinir  this  amount,  althmifrli 

the  I'fiinent,  as  it  issued  from  the  drains,  ^avu  some  t)vi(]ence  of  iui'iKu. 

■  pleti!  purification.     Several  iif  tbe  distribution  tilei*  wen-  removeil  and 

lionnd  nearly  elear  from  deposit,  a  result  lar^fel.v  dne,  wit]tont  doulit, 

'til  the  thorough  settlins'  which  takes  [ilatv  in  tlie  deposit  eliamhern. 

Mr.  Croes  had  suggested  for  tlie  additional  disposal  works  thi-  una 

\t>t  intermittent  filtration  through  speeially  prepared  areuH,  the  soilu  at 

La  w  re  no  evil  le  being  of  a  heavy  elayey    nature     entirely  uuKUited  of 

themselves— and  material  suitable  for  intermittent  filtration  ean  only 

be  obtained  at  a  distance  of  about  two  miles  fi-om  the  school.      In  vie»- 

of  this  fact,  Mr.  Hazen,  while  approviug  of  the  intermittent  filtration. 

suggested  as  a  eon  si  durably  less  expi-'Usive  alternative  the  use  of  broad 

irrigation  on  a  field  of  Heveral  aeres  inehidt'd  in  an  area  of  land  which 

I  the  school  had  recently  purchased.     The  watei-  <if  the  brook  reeeiviiig 

I  the  effluent  is  used  for  watiTiug  eattln  on  tin-  adjoining  farms,  and  in 

view  of  the  uncertainty  as  to  the  degri'i'  of  winti'r  purifii'atiou  attaineil 

!ia  broad  irrigation,  Mr.  Ratter  suggested  tlint  the  intermittent  filtra- 

Ition  would  be,  on  the  whole,  preferalde  by  reiuwn  of  giving  s<nnewhat 

hetter  control  of  all  the  conditions. 

All  the  engineers  agreed  tbat  the  present  uub-Huriaee  irrigation  area, 
kwliich  iR  now  considerably  in  need  of  rest,  should  be  lt^taiued  foruHc  as 
[h  relief  area.  With  such  assistance  it  wan  considered  that  a  filtering 
[area  of  about  22,01)0  square  feet  of  the  available  material  would  be 
Huflicient  for  a  number  of  yoarti,  The  matter  is  still  in  abeyance,  but 
it  may  he  stated  that  under  tlie  conditions,  by  due  attention  to  the  de- 
jtaiL  a  fairly  satisfactory  result  <;an  be  attained,  whichever  method  of 
[treatment  may  be  used.* 

Thi?  iTxpi^ri''U(.-«  of  tUe  puat  eiglit  y»ri  UaA  shown  that  tlie  Huhiu^il  tiln  werti  laid  cm  nthrr  too 
[  *((«)■  a  ^'M'le.  HI  Lh;it  whrn  tbr  Ayntvni  woa  Jillfcl  ii]>  with  tin  uveriEow  of  Bf^WBg^.  tliQ  whtcr  roiv  Ut 
[  ihv  ■iirfscu  nt  lliP  Inwlt  emls  of  tlip  lines  of  tile.  Ti>  iibvinte  (his.  it  khh  .■oiisiiltn-il  \vml  to  inwrt 
Itwo  »HiLiUoiial  linpH  of  uitrrierv  LiLtrriii'pliu|r  the  Imtri  of  tlli!  at  liuK  tlitir  Lrfiii^th  btteI  tbtiM  rt- 
'  liuuing  till-  lioaii  on  thu  riijs  when  the  ftjsl«ni  iift"  full.     The  outfall  iiniiririraili-H  whioh.  o«iiii{  li> 

W'ilI  con'litji'nn,  JiB  nbovc  ^tatorj,  hail  Ap]iArent]y  hot  Lwi.n  Iniil  iiec\t  nuoii^h  bvlaw  the  iiiiiKoil  Lile. 
vn  ufit  off  by  tn  inli.TUrptL»i{  drain  luir)  liarnlkl  to  the  litook  Miri  'SI  fit-t  rn>ni  it,  and  uunliiinuil 
'  l,IMNI  het  jfonn  Htreain,  the  tren<ih  lieiii^f  jiartly  backfine'i  with  cirjderx.  The  I'ffliicnt  n-wniiL- 
I  filtvm  nivay  slo«ly  into  the  brook.  This  portion  of  the  work  Kiw  dime  in  Aognst,  l.SKi.  It  i« 
.  Oulit«mp1atod  tn  constrnet  the  odditionm]  fillration  area  of  nnilprdraineiL  giai'ej  <iUei]  (TenohUA  4t 

an  early  lay. 

for  aoiirccB  of  inFormation  in  reguni  to  sewage  digpowl,  eto..  at  the  LawreaoeTille  Sohool,  ws 

|l)  Mr.  Odeirs  paper  on  The  Water  Kupply,  Drainage,  and  Sewerage  of  the  LawreaoevjQe  dohoul, 

inTnun,  Am.  800.  C.B.,  voL  xvi.  (1B87),  pp.  (W-7b ;  (3)  Eng,  A  BIdg.  Reed.,  voL  x».   llSt*),  pp. 

18-lM. 


CHAPTER  XL. 
INTERMITTENT  FILTRATION  AT  GARDNER,  MASSACHUSETTS. 


An  intermittent  filtration  Bystem  was  put  in  oporation  in  lfi91  in 
connection  with  the  new  seweriLge  ayHtem,  McCliutock  &  WoutUall, 
of  Boston,  were  engineers  for  the  works.  The  plant  has  been  de- 
scribed as  follows  :  * 

The  town  of  fiiirdner  is  sitaated  in  the  central  part  of  the  State, 
on  the  diviihi  between  the  Connecticut  and  Momniuc  rivers,  all  but 
a  small  part  draining  into  the  Connecticut  river.  The  population 
of  the  town  in  18'JU  was  8.424.  It  is  lavg-ely  engaged  in  the  luauii- 
faeture  of  chairs.  The  daily  consumption  of  water  is  about  300,lHiO 
gallons. 

Tile  town  is  made  up  of  four  villages  closely  united — South,  Depot. 
West,  and  Centre.  Of  these  the  West  village  is  the  most  thickly  settled 
and  contains  the  moeit  factories.  The  .South  is  also  thickly  settled  and 
has  a  number  of  factories.  The  Centre  is  strictly  a  residential  part  of 
the  town.     The  Depot  village  is  not  thickly  settled. 

The  State  Board  of  Health,  fearing  that  in  time  the  ci-udo  sewage, 
if  emptied  into  the  brook  leading  to  Otter  river,  might  create  a  nui- 
sance, ordered  the  town  to  purify  the  sewage  before  allowing  it  to  flow 
into  the  river.  Intermittent  downward  filtration  was  adopted.  The 
main  outfall  sewer  is  a  12  inch  pipe.  A  greater  part  of  AVest  Gardner, 
the  (^entre  and  Depot  villagcB  had  been  sewered  at  the  beginning  of 
1893. 

The  separate  system  was  used  not  only  on  .tcconnt  of  its  costing 
less  than  the  combined,  but  from  the  fact  that  the  surface  water  can  be 
at  this  place  easily  and  cheaply  drained  into  natui-al  w  ater-couraes 
without  doing  any  harm. 

There  were  in  use,  at  the  close  of  the  summer  of  1892,  5}  miles  of 
sewers,  12  to  6  inches  in  diameter,  128  man-holes  and  23  flush  gates  in 
manholes;  also  139  sewer  connections,  of  which  100  were  from  bouses, 
25  from  business  blocks,  lU  from  factories  with  a  total  of  1,500  em- 
ployees, and  4  from  hotels.  At  the  close  of  the  summer  of  1K!H 
there  was  a  total  of  97  connections.  The  daily  amount  of  sewage 
delivered  at  the  filter  beds  was  about  125,000  gallons  in  Februarj', 
1893. 

•  COndMisod  frvm  Eng.  News,  vol.  xxa.,  pp.  i(»-im  (Fob.  16,  IBBS). 
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To  reach  the  most  nvailal.ile  ground  for  a  filter  area  it  was  Deces- 
sary  to  carry  the  outlet  sewer  down  through  a  small  valley  and  up 
on  to  a  hill.     This  was  efl'ected  by  making'  the  last  1,050  feet  of  the 
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Fig.  !)3— Plak  and  Sbction  oi'  Sbtti.iijo  Tank.  Qakdner,  HAseArBueRTTB. 

I  outlet  sewer  of  iron  pipe,  with  a  sag  near  the  middle  of  24  feet 
A  lilow-off,  dischargiiiR  on  to  filter  Ited  No.  50.  Fig.  it(i,  used  only  in 
this  eonnet-tiou,  was  placed  at  the  lowest  point  in  the  iron  pipe. 
This  is  to  be  used  only  in  case  of  stoppage.     In  February,  1893,  this 


file 


SEWAGE   ntSP<»SAI,   IX   THK   ITNITKD   STATES. 


gate  had  not  been  open  fur  over  a  yeur,  anil  no  trouble  liad  nriiwMt 
fi-om  solids  collectiug  at  tliii*  puint  and  stopping  the  Bewer. 

The  blow-off  gate  used  is  au  8-iiich  vei-tical  lift  gate,  exactly  lik*' 
tilt'  10-inoh  ill  use  ut  the  filter  beds  at  Mailbo rough,  Massaehnsetb*. 
ahown  on  Plate  VI.,  Fig.  6. 

The  outlet  pipe  disciinrges  into  a  settling  tank,  shown  in  plan  and 


ittifi«n»>> 


Fir,.  94,— Inlet  to  Suttlisg  T*nkb. 

section  by  Fig.  93,  The  tank  is  built  of  brick,  with  walls  12  inches 
thiek.  It  is  divided  into  two  parts  bv  a  12-inch  wall,  bnilt  through 
the  eeiitre,  thus  giving  two  i-ompiirtmentH.  each  20  feet  long,  7  feet 
wide,  and  5  feet  deep.     The  sewage  Hrnt  flows  into  a  wooden  box. 


Pio.  ilfi.^^)*TBa  ON  Otrri-BT  Pipb  fhom  Task. 

sliown  in  plan  hy  Fig,  94,  and  also  by  the  dotted  lines  in  the  plan 
ijf  the  tank,  Fig.  !)3,  nnd  is  divi-rted  into  either  tank  by  means  of  n 
swinging  door.  Ktup  phtitkK  to  prevent  floating  matter  from  reach' 
ing  the  gate  chambers  are  placed  near  one  end  of  the  tanks.  The 
sewage  is  drawn  off  at  the  Hurface  hy  means  of  pipes  leading  into 
the  gate  chamber.  The  flow  into  these  pipes  is  ecmtroUed  by  iron 
gates,  a  sketch  iif  which  is  sliown  by  Fig,  95,     The  sludge  is  drawn 
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off  by  opening  situilur  gates,  slionii  iu  plan  at  the  bottom  of  the 
tank,  Fig.  93,  crmie  sewuge  being  used  to  wush  out  the  tanks.  Extra 
pipes  for  futiin^  use  have  been  built  into  the  tank  and  gate  ctiam- 
ber. 

The  flow  from  the  gate  chiiinber  into  the  main  carrier  itt  aJao  regu- 
lated by  means  of  iron  gates  like  the  above.  The  gates  are  raised  or 
lowered  by  means  of  chains,  which  pass  over  pulleys  and  through 
the  wall  of  the  tank,  and  are  worked  inside  -the  tank  house.  The 
solid  matter  which  settles  in  the  tanks  is  discharged  on  to  the  sludge 
bed  through  the  sludge  pipe,  as  shown  in  Figs.  !)3  aud  96. 


In  constructing  the  filter  beds  the  surface  was  first  Ipvi'llfd,  the 
surplus  dirt  being  used  to  make  the  banks,  anil  the  bottoms  ()f  most 
of  the  beds  being  formed  in  clay.  They  were  then  covered  in  gravel 
to  the  depth  of  from  4  to  5  feet,  carted  on  from  a  biuik  south  of  the 
settling  tank,  after  which  the  outlets  for  the  etilueut  and  the  tile  draiu» 
leading  into  them  were  laid.  Then  the  banks  subdividing  the  hetln 
were  built.  The  bottomfi  of  these  banks  extend  1  foot  bcluw  the  surfjiL^e 
of  the  beds.  All  of  the  banks  were  then  sodded.  The  10-iuch  dis- 
tributing pipes  were  then  laid  aud  connected  with  square  woodeu 
troughs,  firmly  fastened  to  cedar  posts  set  in  the  edge  of  the  bed. 
These  troughs  are  covered,  but  ever>'  other  cover  i«  hinged,  so  that 
the  interior  of  the  troughs  can  be  examined  at  will.     The  troughs  have 
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au  opening'  at  each  bed,  and  by  means  of  a  board  sliding  in  groovea 
the  sewage  cuu  be  directed  on  auy  bed,  as  desired.  These  trougLs 
are  from  24  to  3  feet  above  the  beds,  and  the  sewage  falls  on  to  a  pitfe 
of  stone  pavement  which  prevents  the  washing  o!  the  beds.  The  tilr 
drains  are  from  4  to  fi  feet  deep  and  20  feet  apart,  and  the  banks  are 
2  feet  higher  than  the  smfaee  of  the  bods.  The  surfaces  of  the  bedt 
are  level.  Beds  A  and  B  were  constructed  by  simply  levelling  the 
liuttom  and  building  the  banks.  No  tile  or  outlet  pipe  was  laid,  anil 
the  effluent  simply  so&ked  through  the  ground.  An  examination  of 
the  plan  of  the  filter  beds.  Fig,  96,  will  show  clearly  their  general 
anangeiiient.  All  of  the  beds  except  No.  51  discharge  their  effluent 
ilirectly  into  the  brook.  The  effluent  from  No.  51  is  discharged  into 
the  woods,  and  is  allowed  to  flow  over  the  ground.  The  etHuent  in 
practically  colorless  and  odorless,  and  has  caused  no  trouble  in  the 
brook. 

Overflows  have  been  built,  so  that  the  sewage  cannot  flow  over 
the  banks  in  any  case.  Very  little  trouble  has  been  caused  by  the 
extreme  cold  weather,  as  the  sewage  Bnds  its  way  under  the-  snow  anil 
ice  and  is  filtered  through  the  gravel.  The  road  from  Bioadway  wtw 
built  and  the  hill  graded,  greatly  improving  the  general  apjtearauce 
of  the  field. 

The  areas  of  the  several  beds  are  as  follows : 


No,  of 
bod. 


Area, 

wi.  f  I. 


No.  or 

bgd. 


Ar«. 
1-4.  fu 


Nd,  g| 
bnl. 


Ares. 
«l.  It, 


tlo.et 


1 9,620  5 4,300 

2 8,57(1  6 4,40() 

3 8,790  7 4,000 

4 4,400  8 3,'240 

Total,  83,330  sqimrp  feet,  or  nearly  two  nt'ieH. 


9 3,240 

10 8,850 

II 3.850 

50 2,500 


51 2.300 

52  3,370 

A 6.000 

B n.noo 


The  above  area  does  not  include  the  space  occupied  by  tlie  main 
banks,  but  does  include  the  division  banks,  the  bottoms  of  which  are 
only  1  foot  below  the  surface  of  the  beds, 

Bed  No.  51,  Fig  UG,  wa«  at  first  used  as  a  sludge  bed,  but  the  odor 
arising  from  the  sludge  while  drying,  as  well  as  from  that  which  had 
previously  been  taken  otf  and  pileil  up  near  the  bed,  led  to  this  bed 
being  convei-ted  into  a  filter  bud  and  the  cousti-uction  of  bed  No.  52 
for  a  sludge  bed.  Since  this  change  no  trouble  has  been  caused  by 
the  odor,  as  this  bed  is  farther  away,  and  is  over  the  brow  of  a  bill  and 
surrounded  by  woods.  No  ti-ouble  has  been  caused  by  the  filter  beds, 
as  thei-e  is  no  odor  arising  from  them  that  can  be  detected  a  tew  fei-t 
away. 

The  sludge  is  allowed  to  remain  on  the  sludge  bed  until  it  is  dry. 
when  it  is  removed  and  placed  in  piles  and  covered  with  dirt.  The 
sludge  is  discharged  frdra  tht'  tank,  luid   the  filter  beds  are  cleaned 
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every  two  to  three  weeks.     The  sewage  is  discharged  on  to  the  filter 
beds  in  the  following  order: 

First  day. 

Bed  No.  1,  fiom 7  a.u.  to  10  a.k. 

"    "     2,     "    10a.1i.  to    1p.m. 

"     •'     3,     "     1  P.M.  to    5  P.M. 

"     "     4,     ■'     5  P.M.  to    7  P.M. 

"     "     A  and  5,  from 7  p.m.  to    7  a.m. 

Second  day. 
Bed  No.  6,  from 7  a.m.  to    9  a.m. 

"      "        7,       "       9  a.m.  to  11  A.M. 

"  "  8,     " 11  A.U.  to  1p.m. 

"  "  9,     "     1  P.M.  to  3  p.m. 

"  "  10,     "    3  p.m.  to  6  p.m. 

"  "  11,     "     5  P.M.  to  7  P.M. 

"  "  51  and  B,  from 7  p.m.  to  7  a.m. 

This  has  been  found  to  give  satisfactory  resTilts. 
The  cost  of  the  filter  beds  and  accessories,  not  including  engineer- 
ing and  superintendence,  is  stated  to  have  been  as  follows : 

Labor 88,766 

Vitrified  pipe «684 

Tile  pipe 238 

Wooden  trongbis 805 

Total  coat  of  camera  and  drains 1,2'27 

Carting 26 

Freight 13 

Wood  dams  at  Beds  A  and  B 13 

Iron  gates  and  gate  cbamber 'J!» 

Tank  filHt 

Tank  house 344 

MiBcellaneons lOTt 

Total «ll,I9:t 

The  cost  of  preparing  the  beds,  with  piping,  was  $10,046,  or  12  cents 
per  square  foot,  the  area  being  82,330  square  feet.  The  total  cost  uf 
the  beds,  tanks,  and  all  ncccBSoriea,  was  14  cents  per  square  foot  of  fil- 
tering area. 

The  general  pipe  system  in  place  cost  $40,630,  including  $1,719  for 
the  1,050  feet  of  iron  pipe  in  the  outlet  sewer,  making  the  total  cost  of 
the  system  $51,723,  not  including  engineering  and  superintendence. 


CHAPTER   XLL 
INTERMITTENT  FILTRATION  AT  SUMMIT,   NEW  JERSEY. 

A  SEWAGE  syHteiD  was  built  at  Summit,  New  JerBey,  in  1892,  with  G. 
Ph.  Baasett,  M.  Am,  Soc.  CE,,  as  eugiueer.  The  uatnral  ontiet  was  to 
the  Passaic  river,  but  before  dischargiug  the  sewage  into  the  river  it 
WHS  deemed  best  to  purify  it  by  menus  of  iutermittent  tiltr&tioii.  The 
filtratiou  urea,  wuh  put  iu  operation  on  August  2,  1892. 

In  November,  1892,  there  were  nine  miles  of  separate  sewwrs,  20 
rinsh-tuiiks,  and  180  house  coiiueetiouB.* 

The  tilttT  beds  are  located  about  a  mili.'  from  the  village,  within  thw 
to\vnHhip  limits.  One  end  of  the  disposal  area  borders  on  the  Passaic 
river,  as  shown  in  the  plan.  Fig,  97.  The  township  owns  26  acres  of 
land,  only  10  at-res  of  which  have  been  laid  out  in  beds.  Deductinc 
the  aroji  occupii'd  by  embankments  and  a  road,  there  are  about  eight 
acres  of  laud  available  for  liltratiou.  There  are  only  a  few  houses  id 
the  vicinity,  and  those  are  at  some  distance  from  the  beds. 

A  piiblic  roail  passes  through  the  disposal  area.  The  Innil  on  thw 
side  of  the  road  nearest  the  river  slopes  toward  the  river,  and  the 
beds  are  laid  out  in  terraces,  as  shown  by  Fig,  9S,  which  is  a  repmduc- 
tion  of  11  photograph  taken  near  the  lower  edge  of  the  tract.  The 
lieds  are  .sejnirated  bv  enrtli  embankments.  The  lowest  beds  are  nome 
20  feet  above  the  river.  The  effluent  is  discharged  at  the  to]i  of  the 
abrupt  river  bank,  and  linds  its  way  down  the  bank  into  the  river. 

Mr.  Baker  visited  the  beds  ou  Nov.  28,  1892.  and  found  the  effluent 
with  oidy  a  slight  elmidiuessand  but  very  faint  miisty  odor.  The  river 
showed  no  sign  of  pollution,  and  there  was  nothing  about  the  disposiil 
area  which  indieated  to  smell  or  by  offence  to  sight  the  use  to  whicJi 
it  was  put.  except  on  raising  a  man-hole  cover,  when  a  very  alight  odor 
was  observed. 

Regarding  the  care  of  the  beds,  the  attendant  stated  that  their  sur- 
face was  raked  up  occasionally.  He  also  stated  that  no  fixed  rule  was 
observed  as  to  the  length  of  application  of  sewage  to  the  beds,  judg- 
ment being  used  in  that  respect. 

The  general  arrangement  of  the  beds,  sewage  carriei-s,  outlet  cham- 
IxTs,  man-holes,  sub  and  main  nnderdains.  and  tile  mau-holes  to  give 

'  Thin  Hewiriptiiin  of  the  liltritioii  nrrs  in  ooiidcnwd  (nini  Eng.  N«ki,  roL  xiTiii.,  pp.  r44-M* 

(Dpp,  ",  mri). 
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access  to  the  latter,  will  he  seen  by  reference  to  the  plan  and  the 
a«corapunying  explftiiiitory  syriiliols,  Fi^.  i)7.  The  uuderdraine  are 
placed  with  their  centres  at  a  dt^pth  of  3  feet  below  the  surface  of  the 
beds. 
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The  sewage  is  dihtrilmted  to  tlm  beds  throiis'li  pijte  earried  in  the' 
tops  of  the  embaakiiients,  from  which  it  is  ilrnM-n  through  chambers 
aud  short  lengths  of  pipe  at  the  uoraers  of  the  Iteds,  all  located  u 
ahowii  ill  the  plan,  Fig.  y".  The  details  of  the  main  carrier  and 
branches,  including  tli<'  plugs  naed  to  ilivert  the  sewage  oh  may  bw 
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desired,  are  sliowii  by  Fipre.  !l!l  and  1(10.     Where  the  beds  to  be  served 

ivre  at  ii  lower  Icvul  than  tile  outlet 
fhambei-e,  half-tile,  flat  stoiie,  «nd 
T-Hhiiped  trotifrhs  are  used  to  can'y 
the  pu'wii^f  duwu  or  to  proti-ct  tin- 
emIiiLiikiiii'iit.  All  tlie  brick  diaiti- 
ber?>  and  rmiubolcs  iirc  lined  iuside 
and  iilasterod  outside  with  uenieut, 
and  the  brick  manholea  and  some  or 
all  of  the  imtlet  chambers  have  board 
covers,  pttiiited. 
At  the  intersection  of  snb  and  main  miflerdraius  tUe  chambers  are 

placed,  as  shown  in  plan  and  section  by  Fig's.  IHI  and  102.     Fig.  103 


Fifi.  100. — Plan  and  lii.KVArm.v 
Plug  for  Cahiukii. 


SECTION. 


PLAN, 
FlO.    lot Pt.AN    AKU  SKrTiON   tttKOnill    Ttl.R   ClIAUURR. 


iNiKinirnKNT  kii.tkaiu'N  at  simmit. 


.VJ7 


bIiows  till'  uiiiU'iilriiitis  at  (;liituf,'e«  of  sz-i'iult'  at  emlHiiikmeiitH,  where  ml- 
jjit'ont  beds  niv  mi  ilifierent  levfls.  'I'liere  nrv  Imt  two  or  three  of  th« 
spfcial  sectioiiH,  shown  in  Fig.   102,  they   beiug  placed  only  at  points 


CHAPTER  XLn. 

LAND    DISPOSAL    AT    HASTINGS.    NEBEASKA. 

The  lollowing  description  of  the  sewage  purification  plant  at  Hast- 
ings, Nebraska,  where  intermittent  filtration  has  been  practised  for  two 
years,  and,  an  dt'signed,  will  he.  corubined  with  sewape  farming',  was 
prepared  by  the  engineer  of  the  sewerage  and  sewage  dispusal  systems. 
Mr.  J.  M.  Wilson,  of  Omaha,  Nebraska.* 

EaatingH,  Neb.,  is  a  tbriring  young  chv  of  some  15,000  (13,584  in  ISOO)  inhab- 
itants, aitiiutedou  tlie  plateau  between  tlie  Platte  river  iiiid  the  Be  publican.  The 
Platte,  about  IB  iiiiles  to  tlie  north,  ia  a  hroud.  Khallow  Bti-eam.  o^rryiiig  in  the 
spiin);  and  eui'ly  Hunimor  a  lai'Ro  volume  o{  water  fi'oui  the  uit'lliug  Bnowft  in  tlie 
mnnntoiiiN  ut  Colonido  and  Wyoming;  but  in  the  Itite  Biimmer  aud  winter  llie 
ali'pam  in  Inrgi-'l.v  l"st  in  the  sanila  ot  its  many  biwid  channels. 

Tlie  Bine,  a  tiilintaiy  of  tho  Kanaan  river,  abotil  ten  miles  to  the  south,  is  a 
much  smaller  strcaru,  but,  being  confined  to  a  narrower  channel,  in  more  perma- 
nent in  its  flow. 

These  were  the  nearest  and  the  only  streams  that  could  possibly  be  need  for  the 
discharge  of  sewago.  Higher  lands  to  llic  north  cnt  ofl'  tuc  oullet  to  the  Platte 
To  reoeli  the  Blue  would  lequiie  that  the  hue  should  follow  the  windings  of  Bome 
of  the  draws  or  valleys  leading  from  the  vitinily  of  Hastings  In  that  river.  This 
would  so  lengthen  the  line  and  increase  the  cost  that  all  thought  of  reaching  a  mo- 
nine  stream  with  the  sewage  wan  abandoned. 

The  only  available  method  of  diHprr>u]  uu.s  a  eewage  fai'm,  Ui>on  inveatigBlion, 
the  conditions  at  Hastings  wevB  found  lo  lie  very  favoraldo  for  the  nnccess  of  sncli 
a  plant.  Below  the  surface  no  water  is  found  until  u  depth  of  abonl  KH)  feet  ie 
reaehed,  at  which  depth  permanent  water  is  found  in  sand  and  ginvol.  The  snb- 
soil  here  is  quite  pervious  to  moisture  ;  after  the  hi-aviest  rains  the  nater  disap- 
pears quickly  fmui  the  surface,  being  almorbed  by  the  100  feet  or  moi*  of  po- 
rous subsoil,  without  producing  that  conditiou  of  complete  enlumtiou  which  is  so 
often  found  wheio  the  uudevlying  strata  are  impeiTiouB  or  the  peimanent  water 
level  is  near  the  aurfaee. 

In  many  cases,  in  the  lands  wliich  mu^t  of  necessity  be  selected  for  sewaga 
farms,  these  favorable  conditions  I'.o  not  e\iBl,  and  cmly  a  few  feet  of  the  upijer 
strata  can  he  luade  available  liy  artificial  draitinee.  The  nmonnt  of  sewage  thai 
such  lands  wiii  absorb  witliont  saturation  ia,  of  course,  very  liniilcd,  ajid  the  con- 
dition of  ijcrmauent  moisture  so  near  the  Burfnce  gives,  by  ra]iillary  altivclioii.  oil 
the  moisture  in  most  cases  that  crops  grown  on  the  land  can  appioiiriate.  The 
additional  moisture  supplied  by  (he  sewage  is  jnst  so  much  esce&s.  The  result  ia 
that  on  most  sewage  farms  where  crops  ai'e  raised,  very  little  of  ihe  sewage  is  ap' 
plied  to  the  ciops,  or  only  such  crops  ai'o  JBised  us  will  endure  escessive  mnisi- 
ni*.  The  profitable  crops  that  will  endure  such  conditions  are  veiy  few  indei-d. 
Ou  the  contrary,  in  this  plains  I'egion,  with  its  gieal  lieplh  of  [Hirons  tiibsoil  aiid 
its  inodenite  rainfall,  the  conditions  tor  disposing  of  sewage  succeBsfully,  eillitrr 
by  dinoharging  it  intermittently  on  limited  areas  or  by  applying  it  to  oropB,  were 
pecniiarly  favorable. 

The  general  uuiface  of  Ihis  part  of  Nebi-a-skn  ia  a  gently  undulating  plain,  rising 

OoDdeused  from  Enu.  Ncn-t.  vol  iii>.  (Maroh  V.  IHtiS).  pp.  2IS-2U 
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to  the  nestwuril  at  tLe  itkte  of  attv  7  to  10  feet  jiei  mile.  In  tbe  vicinity  nf  Hast- 
ings tliB  rate  is  9  tpet  per  mile.  The  plain  is  biukeu  by  dt-aws  or  valleys,  down 
whii'h  the  watei-  posses  to  the  permatieut  stieam.s  whi;n  liiere  ia  any  siirplua.  After 
heavy  rains  thv  draws  are,  for  it  few  hours,  quite  i'es])eutnble  creeks  ;  but  urdiunrily 
they  are  dry,  anil  the  surface,  wlieri'  it  lias  not  been  distuibeii  by  the  plough,  is 
oovereii  with  a  lliick,  strong  sod.  Along  the  sides  of  these  di-aws  tlie  land  has  been 
lowered  by  the  action  of  the  water  (■onsiderably  beiow  tlip  general  level  of  tlie  aur- 
roundiag  plain,  and  yet  left  high  rnoiigh  above  tliu  bottom  of  the  draw  to  insure 
adei[uate  draiiia);e. 

Willi  11  i>umpiug  plant  tbaC  woold  raise  the  sewage  15  (set,  any  oup  of  the  mauj 
smooth  fuims  lying  to  the  east  was  available  for  u  aewugc  farm,  practically  graded 
and  ready  for  tlie  reception  of  the  -"ewage.  Tlie  objections  lo  this  arrangemeal 
were  ; 

(1)  The  cost  of  ereotingfliid  nmintaining  the  pumping  plant;  and  |2)  tbe  difficulty 
that  might  arise  in  draining  Much  a  tract  in  uaae,  as  was  likely,  it  sLouId  need  drain- 
age after  the  sewage  wiis  ajiplied. 

If  the  sewage  van  to  br  iiis]>n8eil  of  by  giavity,  the  only  availabli'  Hulda  wei'e  the 
lands  before  mentioned,  lying  mljiu-rint  to  llie  draws.  These  were  somewhat  ir- 
regular ill  outline  and  elevation,  and  would  I'eijuire  cousidei'able  grading  to  pat 
then)  in  shape  for  the  application  of  the  sewage;  but  they  were  ao  situated  that 
good  surface  drainage  was  insured,  anil  if  it  should  become  neceHanry  to  tile  the 
farm  later,  the  draw  wouUl  afford  a  ready  outlet  fo'  .sncli  drainage. 

A  Hjnall  di'aw,  heading  in  the  northeast  corner  of  the  city,  leads  oSf  toward  the 
northeast  about  IJ  miles,  where  it  intersects  with  a  much  larger  ilraw  from  the  north- 
west. Along  the  liordem  of  this  larger  diaw  there  aro  considerable  areas  which, 
while  elevated  enough  above  the  bottom  of  the  draws  for  drainage,  are  low  enough 
to  make  it  ])os3iblo,  liy  cnieful  economy  in  grades,  to  reach  them  by  gravity  fi'om 
every  part  of  the  city.  It  was  found  that  the  storm  wat'^r  could  be  sent  ofT  through 
the  natural  waterways  by  using  ahoj't  runs  of  large  (lipe  at  nioderate  depths,  and 
with  better  fall  than  it  was  ]io3.sible  to  secure  for  the  sewer  line  to  the  farm. 

Thi.s,  with  the  liinited  joea.s  availabh?  for  receiving  the  sewage  and  the  difficulty  of 
taking  care  of  the  storm  water  on  such  a  faiiu,  settled  the  (juestion  in  favoj'  of  the 
separate  system  of  seweiage. 

The  neni'est  laud  available  for  a  dlaposal  area  waa  &  tract  of  70  acres,  somewhat 
bioken.  To  liiid  ainoother  land  n|mn  which  the  sewage  could  be  deposited  by 
gravity  would  have  necessitated  a  Iv-ngtheniug  of  the  main  pi|)C  from  3,000  to  5,000 
feet  and  the  crossing  of  several  small  draws.  Tlie  additional  coat  ot  tbia  |)art  ol  the 
line  wonhl  have  more  tlian  overbaianfied  the  nece.ssai^  expense  of  grading,  not 
to  mention  the  extra  cost  of  cai'ing  for  and  niaintiiining  the  additional  line. 

The  7U-acre  tract  selected  for  the  -dewer  farm  is  ahown  by  Fig.  I,  Plate  VII.  The 
southwest  part  of  llie  tract  is  Ifjo  much  elevated  to  receive  sewage,  but  ia  valuable 
farming  land  and  will  furnish  a  desirable  bnildiiig  site  for  the  residence  of  a  super- 
intendent. 

The  northwest  portion  of  the  area  north  of  the  draw  ia  very  rough  aud  cannot  Iw 
utilized  for  sewage,  except  at  heavy  eijrense  for  grading  and  jiiping.  The  central 
part  of  the  western  half  of  the  area  has  been  graded  into  areas,  a^  .>nown  on  the 
map,  each  having  its  own  level  and  separated  from  the  adia"'  e  jos  by  a  low 
ridge  ot  earth.     The  cross  (tection  ut  the  foot  of  Fig.  1.  P.'  ..  shows  the  ar- 

rangement of  these  ridges  and  slopea.  The  elevations  seleeti  jnd  the  forms  of 
tlieso  areas  were  determined  largely  by  the  question  of  ecoi  ly  in  moving  the 
earth. 

These  areas  were  bronght  to  a  uniform  grade,  except  at  the  points  where  the 
sewage  is  received  from  the  distiiburing  gutters.  Here  the  aurfaee  was  slightly 
elevated,  to  secure  a  better  distribution  over  the  surface  nhen  the  aewage  is  lii'st 
disubarged  on  an  area.  The  -sewage  is  discharged  tirst  into  a  settling  tank,  shown 
in  plan  and  section  by  Fig.  'I,  Plate  VII. 

Thi^  tank  is  provided  with  cast-iron  gates  for  controlling  the  flow  of  the  sewage. 

It  was  the  intention  to  provide  a  screen,  but  is  was  found  that  it  was  not  cecoa-sary, 

I  an  the  pa|ier  and  the  small  amoniil  of  solid"  whieli  would  make  trouble  by  chisging 

I  the  drains  were  all  deposited  in  the  lower  part  of  this  tank,  from  which  it  coolil  be 
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drawn  off  on  the  lower  area.  No.  8,  wharo  it  coulil  be  readily  o<illecteil  aod  iliH|>o»«il 
of  wLen  the  water  was  driiiiied  out  of  it, 

From  lliia  siittling  tank  tlie  SPiviige  is  conducted  to  distributing  or  outlrl  gutters, 
HO  KitTialed  ns  to  distiibuti;  tlio  sewage  on  two  or  more  adjai^eiit  areuH,  Thcso  gnt- 
tera  are  liuilt  of  brick  liiid  in  feinpnt  mortar  and  plastered  witli  Portland  i-ement,  «h 
ebown  by  Figs.  3  and  i,  Plate  VII.  'Die  gaien  wliicli  regulBte  llie  Itow  uie  o( 
.g-indi  [ilate  iron,  fated  witb  aolu  leatbcr  and  si't  at  an  angli'  from  tbe  veilical.  wi 
that  tlieir  weigbt,  wldub  la  increased  by  a  beavy  cant-iron  diflk  bolted  In  the  bacli. 
uctR  wiLb  the  Hewage  lu  abut  tbe  gate  Miitgly  ^igain><t  tbe  neat.  Tbe  sealing  face  ix  'I 
ini'bes  wide  and  built  up  of  ceuieat.  The  gate  in  opened  by  reTolving  it  upward 
nnd  backward  till  it  rests  on  tbe  top  of  tb(>  gutter. 

Areas  Nos.  1  and  8  receive  sewage  from  short  lines  of  pipe  leading  frimi  the 
settling  tank,  as  shown  by  Fiys.  1  and  2,  Piatt-  VII.  Areas  Niis.  2.  H.  i.  and  fi  art 
sii|)|)lied  liT  an  18-ini-b  pipe  fium  tbe  settling  tank,  the  sewago  being  ilistribnted  lo 
each  of  the  four  beds  by  tbe  foui-way  gntlei's  sbown  in  Fig.  H.  A  liS-iiii'li  continu- 
ation of  the  ]f(-ini;h  pipe  from  the  settling  liink  eairies  tbe  sewiigi'  to  areas  Noa.  li 
and  7,  the  two-Hiiy  outlet  gutter  here  b<-inii:  similar  lo  thai  shown  in  Fig.  4.  An 
ordinary-  wooden  sluii'e  gate  is  tlie  only  ineiins  pi'cnided  for  supplying  senage  tc 
area  No.  9.  Tlii.s  gate  is  sbtiwd  in  plan  and  section  by  Fig.  ••.  P!aii>  VII.  ,Aicn  No. 
10  ix  supplied  liy  one  of  llie  I'l-aiiches  of  Ihi;  Ino-way  guller  sliriwn  in  Fig.  4,  T\u- 
other  braiicb  iif  this  two-way  gutter  is  d, 'signed  li>  discharge  sruuge  un  to  a  part  of 
the  irrigable  land  ueai-est  lo  tbe  distributing  basin,  ibe  ii-nmining  jiarl  of  Ibis  sec- 
linn  being  provided  for  by  Die  H-  nijd  112-iticli  outlets  on  the  soutli  side  of  Ihe  ba«iu. 
all  as  sliown  in  Ibe  plan.  Fig.  t.  Tbe  IK-ineh  inniu  nuth-t  is  rxlended  acniw,  tbr 
diaw  lo  the  most  distant  paii,  of  Ihe  disposal  ureii.  this  section  being  suitable  ftu 
irrigation.  ■ 

The  farm  is  under  the  care  of  a  auperiu  ten  dent  of  sewers  and  water-works.  Hr 
rieits  the  fann  once  a  day.  or  as  often  as  may  be  necessaiy  lo  cliauge  tbe  flow  froni 
one  Bi-ea  to  another.  The  time  of  disi'harge  on  any  given  aiea  is  determined  largely 
by  tile  spa,ion  and  the  amount  ot  minfiill,  and  must  be  regulated  by  tbe  eijieriencf 
and  intelligence  of  the  tinperintendent.  Ocensionully  Cl:e  areas  are  ploughed  ti> 
facilitate  absorption  and  lo  cover  up  depimits,  which,  with  the  calling  away  at  inter- 
vals of  the  sludge  discharged  from  the  (setlling  tank,  is  all  Ihe  attention  tbe  farm 
receives. 

The  works  have  now  been  iu  operation  about  two  years.  The  first  year  was  an 
TinnKually  wet  season,  and  the  cajmcily  of  the  snil  for  receiving  sewage  was  for  thi" 
reason  much  reduced,  but  it  wa,s  all  discharged  in  rolalinn  uyion  Ihe  areas  that  hail 
beerL  graded.  No  offensive  oilni-s  weie  jterceplible  fmni  tbe  fields,  as  everything 
n"as  distributed  Viefore  deconipovition  set  in,  and  the  sewage  was  not  allowed  to  dih- 
cbai-ge  or  renisin  on  one  orea  h'ng  enough  to  become  piilrid.  The  only  time  when 
any  odor  is  perceived  Is  when  the  setlh'ng  lank  is  opened  lo  discharge  tbe  collected 
solid  matter.  At  such  times  for  a  short  interval  there  ia  a  little  odor  wlieu  Ihe  dis- 
charge  is  first  made  ;  Imt  it  is  only  peroeiveil  in  its  ininiedjate  proitimity. 

Up  to  .lan.  1,  181)3,  tbe  number  of  sewer  conuoctii^ua  that  bad  been  made  wu* 
1151,  mostly  from  tbe  business  part  of  the  city  and  the  larger  residences.  Outside 
of  the  business  portion  no  attempt  has  been  made  to  compel  Ibo  making  of  coiipec- 
tious. 

Tbe  lands  marked  on  the  plan  as  sulljible  for  irrigation  cultivation  are  all  avnil- 
able  for  absorption  fields  ;  and  if  a  larger  area  is  needed,  tbe  hinds  along  the  valJni- 
to  the  eastward  will  afford  oppiirtunily  for  increasing  the  areas  to  auy  extent  de- 
sired. By  means  of  shallow  ditches  and  furrows  along  the  slojicn.  the  sewage  may 
be  eondueted  over  these  lands  and  used  for  irrigating  crops,  as  with  llie  water  from 
irrigating  canals  in  the  arid  regions  of  the  Went.  No  allenipt  as  yet  has  been 
made  to  use  it  in  this  way,  but  at  intervals  tbe  sewage  is  allowed  to  flow  over  lltir 
meadow  land  of  this  portion,  as  far  as  it  can  do  so  without  special  direction  uid  Jfl, 
not  escape  into  the  draw. 

Tbe  absorption  areas  now  in  use  are  not  underdrained.  but  depend  enltrely  upon 
the  capacity  of  their  soil  for  absoqitinn.  Ultimately  tjtiiig  will  be  neresaary,  nnd 
this  will  convert  them  into  filtering  beds  discharging  their  effluent  into  the  draw. 
When   tbe  farm  was  first  pal  in  use  it  bad  been  fieshly  giaded,  nnd  jt  wax  not 
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thought  best  to  pnt  in  tile  nntil  all  settlemant  of  the  tills  had  ceased.  We  bIho 
Wishad  to  test  the  capacity  of  these  araaa  without  the  tiling.  With  the  amonnt  of 
sewage  now  disposed  of  the  results  are  satisfactory,  but  I  have  no  doubt  that  in 
time  thej  will  all  require  drainage. 

In  orraoging  this  farm,  while  keeping  in  Tiew  the  desirability  and  the  possibility 
of  naiug  the  sewage  in  the  cultivation  o(  crops  and  armogiug  for  its  use  when  the 
quantity  of  sewage  would  make  such  use  profitable,  these  two  facts  have  been  kept 
■teadily  in  mind :  (1)  That  with  all  crops  of  value,  the  amount  of  sewage  that  can  be 
used  with  profit  has  very  definite  limits  ;  (2)  that  the  time  daring  which  it  can  be 
mpplied  to  any  crop  is  oi-dinarily  confined  to  only  a  limited  portion  of  the  growing 
MHon.    To  apply  in  greater  quantities  and  at  other  times  is  to  min  the  crop. 


CHAPTER  XLIIL 

SURFACE  IRRIGATION  AT   WAYNE.   PENNtiYLVANtA!' 


Waynk  is  iL  suibiii'biui  resideiiL-u  village  tibuiit  15  miles  from  Phila- 
delphia, on  the  Pamisylvuuiii  iUilrom!.  It  has  been  built  up  by 
MeH«r8.  A.  J.  Drexel  aud  Geo.  W.  ObilJB,  who  bought  the  Wayne  eetate 
uuiue  yeurs  ago.  In  June,  1890,  its  population  waa  997,  Two  years 
later  a.  population  of  2.0i)()  was  claimed.     There  are  no  mauufiictorios. 

Water-works  were  built  by  Drexel  A:  C'hilda  iu  1881.  Shortly  after, 
Tol.  Geo.  E.  Wuriiig,  Jr..  M.  Inat.  (.'.E.,  was  engag'ed  to  extend  the 
sewenigt!  Ky.item  of  the  village,  which  then  eonveyed  the  wastes  and 
roof  water  of  a  few  buildings  into  a  brook  flowing  through  the  valley. 

Col.  Waring  extended  the  system  on  the  strictly  separate  plan,  col- 
lecting the  sewage  in  a  large  tiusb  tank,  from  which  it  was  disc hivj^ed 
into  the  brook  through  an  8-inch  pipe  2,925  feet  long,  having  a 
fall  of  1  foot  in  4(KI.  An  additional  area  being  seemed  later,  a  12  ini'h 
outlet  was  laid  paiallel  tn  the  lowi-r  part  uf  the  first  outlet. 

Tlie  bi'dok  which  received  the  sewage  had  a  copious  flow  and  dis- 
charged into  Darby  creek,  a  stream  polluted  by  manufactories.  The 
briJok  gradually  became  fonled,  to  prevent  which  the  sewage  was 
fiuidly  delivered  into  ji  settling  basin  before  passing  to  the  brook. 
The  effluent  not  being  sufficiently  cleared  by  this  settlement,  it  waa 
discharged  into  a  second,  and  later  into  a  third  settling  basin. 

The  farm  land  along  tin-  brook  gradually  being  taken  up  for  resi- 
dences, coniplaints  regarding  the  fouling  of  the  stream  increased,  and 
filially  an  iujiiuctiou  to  prevent  the  discharge  of  sewage  into  the  brook 
WHS  threatened.  AVhen  the  works  described  below  were  recommended 
by  Ool,  Waring,  in  tlie  spring  of  1891,  the  move  for  an  injunction  was 
stopped  under  verbal  protest. 

Surface  irrigation  on  somewhat  isolated  land  at  the  lower  side  of  the 
estate  was  <lecided  upon.  The  disposal  area  is  thus  deacril»ed  by  Col. 
Waring  in  an  article  in  the  of  Aun-rican  ArchlUct  July  2,  1892,  from 
which  much  of  this  information  has  been  taken : 

The  tract  to  be  nsed  was  of  UDfuvorablR  cliaraotcr.  but  it  was  the  only  one  av«il- 
rMe.  It  consisted  tiiniulv  of  ad  old  pond  surroiiiiiU>d  hj  aaiuent  {KiHitril  willow, 
»  Ifti-ge  area  of  n warn p  tarough  which  the  brook  meaoderoil.  ubuut  four  ultcr  of 
Rlifrhlly  looping  cl<'jirod  Innd.  and  a  very  atoep,  thickly  woodod  Bud  rcwk^  hillside 

*  CooilennDil  from  Kng   Hovk,  rol  nviii.,  pp.  433-4  (Nov.  3,  11*3). 
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I'leing  about  100  feel  from  the  levpl  of  tlic  briKik  to  one  coiner  of  tlie  neatlj  square 

tl-Bct. 

The  pond  wiih  olilileriited,  the  willows  ainl  niiifli  ijtlier  vegwtatiou  were  clenreil 
uwav.  tb<!  Iji'ook  wuH  routint'il  ni'liiii  stone  wuIIp,  hlk)  a1]  exce|it  the  steep  hillHJilc 
wHB  thorongblj  nnde  I'd  rained. 

The  iliaposal  are.-i  iucluiles  eleven  (icreK,  diviHffl  l>y  the  creek  as 
shuwii  ID  Fig.  103,     Along  the  lower  course  of  the  brook  luiich  of  the 


Well    ' 


Fio.  103.— Pi.AS  OP  DitipoBAT.  WoiiKS,  ■Waynb,  Punnsvi-tamia. 

liiiid  van  a  nearly  level  ttissoek  siramp.  All  giuivth  leB»  than  eight 
inches  in  diameter  was  removed  from  tlie  tract.  The  creek  was 
straightened  siiid  deepened,  and  the  biinka  sloped  back  from  the  walla 
of  the  creek  and  sodded.  But  little  grading  was  necesaiiry  on  the  loft 
or  south  side  i>f  the  creek,  but  the  whole  area  oii  the  otlier  side  was 
graded.  Tlie  header  drain  of  sis-inch  pipe  on  the  left  side  of  the  creek 
was  laid  to  cut  off  the  effluent  from  some  slightly  wet  laud.  Tlie  stone 
drain  ia  for  the  protection  of  the  pumping  station. 

The  land  on  the  south  side  of  the  creek  was  divided  into  three  nearly 
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equal  tracts  by  embaiikmeuts  uboiit  one  foot  lii^b,  wbicli  converse  at 
the  diBtributing  well.  A  road  to  tLepiimpiug  station  divides  the  land 
OD  the  north  side  of  tlie  creek  Into  two  eectioiis. 

The  iiiithit  .sowei-H  already  de- 
scribed wcru  intercepted  juat 
above  the  ohl  settbiiji  bunias,  from 
which  point  a  12- inch  vitritied 
pipe,  with  a  fall  uf  1  in  1*25,  ex- 
tends to  the  edge  of  the  disposal 
field.  About  400  fwt  above  the 
edge  of  the  titld  an  «-incli  bnmch, 
with  a  fall  of  1  in  250,  exteutls  to  a 
Bcreeninp:  chamber.  From  this 
chamber  the  sewage  is  delivered 
at  will  on  to  tract  D  or  E,  first 
passing  over  a  bed  of  broken 
stone. 
The  main  nutlet  sewer  is  of  vitrified  pipe  where  in  earth,  and  of  irou 
and  cement  where  on  piers.  It  ends  in  a  brick  screening  chamber 
with  a  concrete  bottom  near  the  pumping  station,  shown  in  plan  and 
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Pio.  104  — ScRBBimjo  Cbahbrr. 
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Pio.  100.  — BKcarviNct  Tank  aj<d  Pump  Hocbb. 
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HfictioQ  by  Fig.  104.  After  passing  through  the  screens  tho  aewagw 
flows  into  the  receivin^^  reservoir,  shown  in  pUii  and  lonrritiulinal  sec- 
tion by  Fig.  105.  This  reservoir  has  a  capacity  of  !)(),000  f^'alions  to  the 
initnth  of  the  inlet  pipe.  Its  bottom  is  of  concrete  and  slopes  toward 
tlie  sump  into  which  the  suction 
pipes  extend.  Six  G-inch  pipes 
at  the  top  of  the  tank  leatl  to 
tht!  creek  as  an  overflow. 

Two  Barr  duplex  pmups,  with 
a  capacity  of  about  22,OilO  gal- 
lons each  per  hour,  or  525,000 
gallons  per  day,  force  the  sew- 
age up  the  hiU  '111  the  Ifft  of 
the  creek  to  the  distributing 
well.  This  12-ineh  force  main 
is  of  spiral  weld  steel  pipe,  is 
480  feet  long,  and  has  a  rise  of 
about  100  feet.  The  lower  end 
of  the  force  main  was  placed 
above  g-round,  to  obtain  a  grade 
that  would  iiUow  it  to  drain  dry 
through  the  aerating  pipe,  men- 
tioned below. 

Both  pumps  are  started  when  the  screening  reservoir  is  nearly  full. 
and,  as  designed,  the  sewage  is  fii-st  delivered  back  into  the  receiving 
tank  through  a  4-inch  aerating  pipe,  the  object  being  to  deodorize 
the  sewage  and  increase  its  oxygen.  Aeration  is  maintained  for  from 
60  to  90  minutes,  after  which  the  valve  in  the  aerating  pipe  is  closed 
and  the  sewage  is  delivered  into  the  well. 

The  distributing  well  is  shown  in  plan  and  section  by  Fig,  lOfi.  It 
is  of  brick  with  a  concrete  bottom,  and  is  covered  by  a  small  building 
shown  in  the  distance  in  the  view,   Fig.  108.     Lift  gates,  working  in 

the  masonry  of  the  well,  are  provided  to 
regulate  the  discharge  of  the  sewage 
upon  the  tracts. 

A  bed  of  broken  stone,  about  8  inches 
deep  and  50  feet  wide,  extends  across  the 
tract  below  thu  distributing  well.  Sew- 
age is  discharged  into  a  depression  along 
the  upper  edge  of  the  stone  bed.  When  this  depression  is  filled  the 
sewage  flows  down  the  bed,  which  has  a  fall  of  about  1  to  4.  to  a 
catch  widl  of  broken  stone  designed  to  check  the  somewhat  rapid 
flow  of  the  sewage  and  to  distribute  it  evenly  over  the  land  below. 
The  cinder  banks  shown  in  Fig.  107  are  laid  on  graded  strips  foUov- 
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iiig  i^ontom'M.     Tilt:   ciiiilers,  mostly  from    luconiotives,  are   backtul,  to 
prevent  wasliiuf,'.     Tlitise  hanlcK  are  ilf.sigiieil  to  i-iitrli  the  sewajje  ill 
its  irrfguliir  How  down  tin;  steep  hillside  )uid  stnrt  it  ngnin  uniformly. ' 
The  receiviug  reservoir  tills  in  from  fi  to  12  lioms,  and  is  emptied  ill 
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Jilxjut  5  hours.  The  sewntrc  disiippcars  frum  ILe  surface  of  the  land  in 
;il>out  a  half-honi-  after  the  pnmps  an-  stupped. 

Tbo  field  on  the  left  side  of  tbf  creek  was  put  in  operation  in  Sup- 
teniber,  1801,  The  field  at  the  right  of  the  creek  was  put  iu  use  later. 
Ik'fore  well  covered  with  vegetation.  Ool.  AVariiig-  states  that  if  tin.* 
aeration  of  the  sewage,  as  deseribed  above,  proves  HufBiriently  iH'ne- 
flcial,  a  force  main  will  be  constrncted  to  the  Held  at  the  right,  and 
sewagu  delivered  to  it  by  pumping,  instt.'ad  of  by  gravity,  us  now. 

Figs.  108  and  109  present  views  of  tbo  diaposivl  works  from  two  dif- 
ferent points. 

Oct.  27, 18i)2,  Mr.  Eater  visited  the  Wayne  purification  worka,  aud 
thrmig'h  the  courtesy  of  Mr.  Frank  Smith,  niiinager  of  the  Wayne 
estate,  and  Mr.  C.  D.  Slaw,  superintendent  of  the  sewerage  system, 
obtained  the  additional  information  which  follows. 

There  are  now  about  600  acres  in  the  estate.  All  buildings  on  tht- 
property  are  connected  with  the  sewerage  system,  there  being  about 
275  connections.  The  average  daily  eonsiuu|ition  of  water  in  Wayn« 
is  stated  to  be  about  200,000  gallons.  The  average  sewage  pnmpage 
wiis  given  as  about  the  same,  but  from  all  the  data  at  hand  it  would 
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seein  to  be  hig'her.  Two  days  out  of  five,  ncoovdiiis-  to  the  iuformu- 
tiuii  given,  the  sewapre  flows  by  gravity  on  in  thu  north  part  of  the 
area. 

The  iiiat  screens  used  at  the  screeiiins  chamber  jit  the  receiving' 
rtiMevvoir  hail  it  2-ini-h  mesh.  This  ini'sh  pmvuil  to  bi'  too  coai'sf,  and 
screenH  witli  1-inch  inosh  are  noiv  used.  Thf  mking's  from  the  screens 
average  about  two  barrels  a  day,  there  beiut;  more  un  S;itiird:i\,  Hiiu- 
day,  and  Monday  th:in  on  other  days.  Lime  is  put  upon  the  rakini^rt 
aH  they  accnniulatc  beside  the  chamber  before  removal. 

Tho  jinmpiug  station  is  kept  open  througliout  the  "24  hotirw.  and  the 
pnmps  are  run  fi-oni  l(i  to  18  hours  a  day,  requiring  about  110  pounds  of 
buckwiieat  coal  per  lionr.  Two  engineers  are  employed  at  the  station, 
and  the  superintendent  divides  his  time  l>et\veen  it  and  the  part  of 
the  sewerage  system  within  the  village.  In  addition,  laborers  are  em- 
ployed when  necessjiry,  wliich,  it  would  seem,  is  not  often.  Sewage 
is  turned  upon  eacli  tract  for  onlv  one  day  at  a  time,  so  that  each 
tract  has  a  rest  of  live  days. 

The    material    in    the    barriers    has    never    iieeu    changed,  and    the 
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liroken  stone  at  the  top  of  the  hill  on  the  south  side  of  the  creek.  Mr. 
Slaw  stated,  hits  never  been  cleaned,  except  that  one  section  has  had 
one  cleaning.  The  broken  stone  at  the  head  of  the  ai-eas  on  both  sides 
of  the  creek  showed  only  a  small  amount  of  rags  and  paper  wjiich  had 
been  caught.  At  the  dam  of  broken  stone  at  the  top  of  thu  steep  hilU 
side,  and  at  the  tirat  barrier  below,  shiilge  acciimiilateR  and  has  to  be 
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shoTdUed  ont.  Except  at  the  first  or  stone  barrier,  the  sewage  rarely 
runs  over  the  top  of  the  banks,  unless  they  are  stopped  by  leaves,  as 
is  likely  to  be  the  case  in  the  fall  of  the  year.  The  sewage  has  a 
tendency  in  the  first  part  of  its  course  to  run  down  the  steep  hillside 
in  channels,  and  to  some  extent  this  has  been  encouraged,  or  rather 
several  small  channels  have  been  formed  in  order  to  keep  the  sew- 
age from  flowing  down  in  one  large  one. 

There  was  scarcely  any  trouble  from  frost  during  the  winter  of  1891- 
2,  and  that  at  only  one  comer  of  the  field. 

As  the  sewage  came  from  the  middle  gate  of  the  distributing  well  at 
the  top  of  the  hill  it  was  cloudy,  and  like  any  sewage  not  aSected  by 
manufacturing  wastes.  At  the  second  barrier,  counting  the  dam  of 
broken  stone  as  one,  little  change  was  noticed,  perhaps  because  the 
sewage  came  quite  directly  and  rapidly  from  the  first  through  two  or 
three  channels.  At  the  third  barrier  the  sewage  was  clearer,  and  a  dog 
drank  freely  of  it.  Behind  the  fourth  barrier  a  clear-looking  liquid 
four  or  five  inches  deep  was  found.  Below  the  last  barrier  no  sewage 
could  be  seen.  At  Iphan  creek,  which  flows  through  the  grounds, 
there  was  evidence  of  some  seepage  through  the  walls  of  the  creek 
below  the  section  which  was  receiving  sewage,  but  the  seepage  was 
slight  and  might  have  been  natural.  At  the  ends  of  the  drain  and 
trench  of  broken  stone  no  effluent  was  discernible.  The  creek  showed 
no  signs  of  pollution  by  the  effluent,  and  small  fish  were  observed 
in  it. 

At  least  five  crops  of  grass  were  raised  on  each  side  of  the  creek  in 
1892,  and  a  man  was  engaged  in  raking  up  a  fair  crop  of  grass  from 
the  field  north  of  the  creek  on  the  day  of  Mr.  Baker's  visit. 


CHAPTER    XLTV. 
THE    USE   OF   SEWAGE   FOR    lERIGATION   IN  THE   WEST," 

Considering  the  general  development  of  the  two  sections  of  the 
country,  the  western  part  of  the  United  States  is  about  as  far  advanced 
in  the  purification  of  sewage  as  the  eastern.  This  is  ac<;oiiuted  for  in 
three  ways  :  (1)  The  very  low  stage  of  western  streams  during  the  hot, 
dry  season  often  renders  sewage  discharged  into  them  an  unbearable 
niiisanee,  or  there  may  lie  no  natural  stream  near  by  of  sufficient  size 
to  receive  sewage;  (2)  the  familiarity  of  the  people  with  irrigation; 
and  (3)  the  value  of  all  nvidlable  water  for  this  puipowe  naturally  kiadH 
to  the  application  of  sewage  to  crops  when  any  method  of  puriticatioii 
is  necessary. 

For  the  foregoing  reasons  all  but  two  of  the  sewage  purification 
plants  west  of  the  Mississippi  river  employ  irrigation,  and  one  of  the 
two  exceptions,  Hastings,  Nebraska,  usew  intermittent  filtration  and 
will  probably  raise  crops  eventually,  while  tlie  other,  LeadviUe,  Colo- 
rado, only  strains  the  sewage  through  a  small  area  of  sand. 

As  shown  below,  eight  western  towns  are  prepared  to  apply  sewage 
to  land  for  irrigation  in  the  season  of  18i)3.  In  addition,  Los  Angeles 
may  also  be  ready  to  ro  dispose  of  its  sewage  in  1893,  and  until  three 
years  ago  had  been  so  doing  for  some  time ;  while  at  Cheyenne, 
Wyoming,  sewage  was  for  a  period  of  seven  or  eight  years  delivered 
ijito  an  iiTJgating  ditch  and  used  for  irrigation,  thia  use  being  stopped 
only  by  a  change  in  the  outlet  sewer. 

Some  of  the  tending  points  regarding  these  sewage  farms  are  given 
in  the  accompanying  table,  from  which  it  appears  that  sewage  was 
first  used  for  irrigation  at  Cheyenne,  Wyoming,  probably  in  1883. 


CoLORAix)  Springs,  Colorado. 

The  population  of  this  city  increased  from  4,226  in  1880  to  11,140  in 
1890.  Water-works  were  built  in  1879  and  a  sewerage  system  in  1888. 
Sewage  was  first  used  for  imgation  in  1889.  January  1, 1893,  there 
were  in  use  20.4  miles  of  separate  sewers,  239  man-holes,  683  house 
connections,  and  18  flush  tanks. 

A  statement  of  the  cau-ses  which  led  to  the  use  of  sewage  for  irriga- 

•.See  Hag.  Kew»,  »oL  nil.,  pp.  I83-(1  (Feb.  23, ' 
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tiou.  and  a  description  of  the  sewage  farm,  Lave  been  fmiiiBLfd  hy  Mr. 
H.  I.  Reid,  city  eiigiueer  and  eii^neer  of  the  disposal  i)itiut,  tut  fol- 

Iowa  : 

In  the  utilization  of  sewage  for  irrigation  pni-pDHos  lit  C'olorado 
Springs  no  attempt  in  made  toward  tieatrnfut  or  pnrificatiou  other 
tlinn  by  nahiral  means  and  in  a  rather  primitive  mannur.  'flm  ssystem 
was  adopted  as  a  rompromiso  measure,  to  avoid  suits  for  damages  fur 
the  alh'ged  polbitiim  of  the  stream  into  wliieh  th--  outfall  sewer  urig- 
inatly  emptitid,  "  Fountain  Qui  Bonilln,"  commonly  known  as  Fouutniii 
ereek.  This  stream  has  a  normal  How  at  the  sewev  outlet  of  50  cubie 
fiict  per  second,  but  at  times  during  the  iixigating  season  this  is 
reduced  to  almost  nothing,  although  during  tlic  same  season  tlootis 
may  be  esjiected,  when  for  a  few  hours  or  days  the  creek  becomes  ii 
swift-flowing  river,  with  a  fall  of  3(t  t<>  41)  feet  per  mile. 

Thf>  original  sewerage  system  was  |tut  in  operation  in  1888.  lliu 
following  year  a  ninehmau,  living  Bome  two  miles  below  the  outlet 
point,  shown  in  Fig.  110,  instituted  injunction  proceedings  to  prevent 
tlie  sewage  from  lieing  turned  into  the  stream,  claiming  that  his  well, 
situated  near  the  stream,  was  so  polluted  as  to  render  it  unfit  for  ilrink- 
ing  purposes,  and  that  the  water  in  his  irrigating  ditch,  the  head  gate 
of  which  is  J  mile  below  the  sewer  outlet,  was  so  foul  that  stock  would 
not  drink  it.  Before  the  -suit  came  to  trial  the  city  council  appointed 
a  committee  to  try  and  arlutrate  the  matter.  This  was  done  and  the 
Buit  was  withdrawn,  the  city  paying  all  costs  of  proceedings  to  that 


TTT.T7tt  A  DO   sfHIXGS,  C( 


:.-ii 


(late,  and  agreeiug  to  ilivert  the  etiwage  at  ttume  point  ou  the  uutfull 
and  utilize  it  for  irrig'ation  ou  the  lands  JeaigtiatL'd  ou  the  at-compaii j 
iiig  map.  Fipr.  110. 

A  coiitrai't  was  made  hetwemi  tht*  city  luid  the  uwiier  of  thin  land, 
whereby  the  city  was  to  deliver  the  aewajje  at  the  poiut  B,  Fijr.  110,  hy 

tbe  lints  A  B,  aud  to  pay  ammally  ?300 

for  five  yuavs,  tlu-  owner  to  receive  the 

sewage  nt  this  poiut  aud  use  the  same 

for  ii-ri^iitiiju  purposes  in  such  u  mau- 

ner  lu*  lie  iloemed  btst,  provided,  how- 

—1   [— — — I  n,  11  ever,  that  lie  prevent  the  sewage  from 
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of  iit'igatiou  was   not   satisfactory  to 
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the  ranehnifin  hriiigilig  the  suit,  or  to  the  city,  theu  the  eity  whould 
Itave  possesniiiii  of  the  land  nud  use  kucIi  nielhnds  as  it  thoug-ht  lieKt. 
At  the  expiration  of  the  contract  the  city  has  the  option  of  buying  the 
land  at  a  stipulated  mini,  and  prohnhly  will  buy  it,  although  there  are 
now  many  parties  who  woidd  pay  for  the  sewage  delivered  to  their  land. 

The  city  tapped  the  outfall  at  the  point  A,  Fig.  110,  und  by  means  of 
an  underground  wooden  conduit  ou  ti  less  gmdient  than  the  original 
outlet  delivered  sewage  nn  the  surface  of  the  grooud  at  the  poiut  B, 
whence  the  lessee  takes  dinrge  of  it  and  delivers  it  to  gwundB  by  the 
ditches  B  E  and  B  C  D,  and  thence  by  laterals  to  any  desired  point. 

The  map  shows  that  many  years  ago  the  stream  followed  a  different 
channel  than  the  present  one,  the  depression  of  which  extends  through 
the  entire  tract  from  west  to  east,  uud  is  from  3  to  4  feiet  lower  than 
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the  north  bank  of  the  creek  at  con-esiinndiiig  pointB  at  right  anp'Iea 
tliyreto.  The  old  channel  is  the  medium  whereby  the  surjilub  sewitKi? 
in  carried  off  without  flowiiig  (.lireetly  into  the  creek. 

The  sewage  is  distributed  by  means  of  umall  ditc-bes  or  furrows 
through  the  garfleii  tract,  wlieuce  alt  liquid  mutter  not  )ibaorb)?d  by 
the  earth  flows  back  into  this  old  channel,  and  thence  into  the  depree- 
Bioua,  forming  small  reservoirs  at  H,  I,  L,  Fig,  110.  The  email  laterals 
radiating  from  the  main  ditch  irrigate  the  northern  portion  of  the 
lands,  and  in  a  similar  manner  any  surplus  Hows  into  the  same  reser- 
voirs. During  the  irrigation  season,  which  in  this  instance  is  from 
March  1  to  Nov.  1,  there  is  but  little  aurphw,  the  character  of  the  soil 
being  such  that  the  greater  portion  is  absorbed  or  carried  off  by 
underflow. 

In  constructing  the  outlet  sewer,  throughout  tliis  entire  tract  o( 
valley  land,  from  the  surface  to  a  depth  of  2  or  3  feet,  loose  black  loam 
was  found,  then  a  2  foot  stratum-  of  sand,  below  which  was  coarse 
gTiivel  and  sand,  through  which  water  was  flowing  with  considerable 
velocity,  so  that  at  a  depth  of  6  feet  it  was  ftniud  necessary  to  dig  a 
parallel  and  deeper  trench  to  caiTy  off  the  water,  in  order  to  facilitate 
pipe-laying-  This  probably  explains  the  rapidity  with  which  the  sew- 
age is  absorbed  when  applied  for  irrigation.  As  soon  as  Huffioieutly 
dry,  after  each  application  of  sewage,  the  soil  is  thoroughly  pulver- 
ized and  any  accumulation  of  solid  matter  turned  under  before  receiv- 
ing another  application. 

When  irrigation  is  not  iu  progress  the  entire  flow  is  carried  through 
the  main  ditch  and  emptied  into  the  old  chiinnci  and  depressions  men 
tioued.  The  upper  pools  or  reservoirs,  Fig.  110,  were  ploughed  out  by 
the  action  of  surface  water ;  the  lower  or  most  easterly  one  is  a  reser- 
voir, the  dam  of  which  was  Imilt  up  through  a  similar  agency.  Imme- 
diately north  of  the  railway  tracks  ar(!  sanil  and  gravti  hills,  some  200 
feet  higher  than  the  valley  and  very  steep.  During  the  rainy  season 
flood  water  flows  into  Fnuntiiin  creek.  acitisR  the  valley  at  right  angles 
to  the  old  channel.  At  snch  times  the  dt^bris  bivnght  down  has  l>een 
deposited  upon  the  lower  level  of  the  valley,  and  a  sand  dike  several 
hundred  feet  wide  and  5  or  6  feet  higher  than  Ihe  lowest  portion  of  the 
valley  has  been  formed,  thus  converting  the  valley  at  this  point  into 
the  basin  K,  Fig.  110,  the  area  of  which  is  some  three  or  four  ncr^a- 
All  surplus  sewage  collects  in  this  basin  and  rapidly  seeps  away  iiltn 
the  underflow  and  finally  into  the  creek.  The  solid  matter  is  deposited 
in  the  bivsin,  and  that  it  will  in  time  cement  the  bottom  and  fill  it  up  is 
very  probable ;  but  uo  trouble  of  this  kind  has  Iwen  experienced  to 
this  date,  and  to  all  appearances  there  is  very  little  deposit  of  any 
kind.  It  is  snid  that  no  unpleasant  odor  is  experienced  on  any  por- 
tion of  the  farm  at  any  time. 


Tl 


r)43 


I 
I 


So  fur  tin  prnctical  resiiltH  uri^  couct'riied  the  disposal  iirea  in  mu'tJiH- 
ful,  inasmiicli  iin  tlie  L-ity  is  relieved  of  uostly  litig-atlou  uud  also  from 
the  care  and  maiuteuauce  of  tlie  outlet  liueu.  The  lessee  is  well 
(tleaaed  because  of  the  euormou«  crops  raised  and  lack  of  troul.ile  from 
the  Texatiuus  problem  of  "  priority  of  water  lights.'"  As  illustrutiug 
the  demand  for  water  in  this  section,  it  may  be  statod  that  the  rauch- 
rann  several  miles  below  the  outlet,  seeing  the  sewage  farm  well  sup- 
plied with  water  at  times  when  they  have  noiie,  threaten  to  enjoin  the 
(ity  from  using  the  sewage  for  this  purpose,  and  to  compel  it  to  turn 
the  sewage  into  the  stream  for  their  benefit. 

The  sewage  farm  comprises  at  present  an  area  of  about  35  acres,  but 
may  be  added  to  as  future  needs  rfqiiiro.  In  1892  the  sewage  was 
used  on  25  a<re3 — 15  in  meadow  and  alfalfa  and  10  acres  in  vegetables  ; 
but  a  larger  acreage  could  be  covered  with  the  present  amount  of  sew- 
age. The  crops  produced  are  enormous,  and  owing  to  close  proximity 
to  the  market  the  farm  is  a  paying  investment.  As  already  stated,  at 
present  the  city  has  nothing  to  do  with  the  management  of  the  farm, 
but  the  probabilities  are  that  when  the  lease  expires  the  city  will  buy 
the  farm  and  enlarge  the  system. 

Under  date  of  Jan.  24,  1893,  Mr.  Reid  wi-ote  that  he  had  recently 
visited  the  sewage  farm,  and  found  the  sewage  running  directly  into 
the  creek  through  a  ditch  cut  from  the  reservoirs,  shown  in  Fig.  110. 
This,  he  states,  is  in  direct  conflict  with  the  terms  of  the  agreement, 
but  that  possibly  it  was  done  to  flood  the  lands  of  ranchmen  below, 
who  have  recently  been  willing  to  take  all  the  sewage  they  can  get. 


Trinidad,  Coi-orado. 


The  city  of  Trinidad  ia  divided  into  two  parts  by  the  Las  Animas 
river,  a  comparatively  small  stream  during  much  of  the  year.  The 
farmers  below  the  city  depend  upim  ditches  loailing  from  the  river  for 
water  for  domestic  use,  which  makes  some  form  of  sewage  purification 
especially  uecessarj'.  Following  the  advice  of  Mr.  Norval  'SV.  Wall, 
city  engineer,  it  was  decided  to  purify  the  sewage  by  inigation.  A 
contract  was  therefore  made  with  Mr,  Jns.  M.  John,  who  won  mayor  at 
the  time,  to  receive  and  dispose  of  the  sewage  on  laud  owned  by  him. 
the  city  paying  |500  per  year  and  delivering  the  sewage  upon  the  land. 

The  population  of  Trinidad  in  1880  was  2,226,  in  1890  it  was  5,523. 
A  public  water  supply  was  introduced  in  1879  by  the  Trinidad  Water- 
Works  Co.  A  sewerage  system  was  put  in  operation  in  1892,  the  out- 
fall sewer  having  been  completed  about  three  months  before  the  close 
of  the  year.     Mr.  Wall  was  eugineer  of  the  system. 

On  Jan.  1,  1893,  there  were  in  use  two  miles  of  separate  sewers,  18 
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lUHii  lioles,  two  fliiHli-tanks,  and  12  house  conupctions,  mostly  to  pnhHc 
baililiug^. 

An  ISiui'li  vitrified  outlet  sewer  7,100  feet  long  leuds  from  the  citj"  to 
the  aewage  farm.  This  outlet  has  a  theoretical  velocity,  wLeu  runnuiK 
fall,  of  2.58  euliit;  feet  per  st-eoml. 

At  the  farm  end  of  the  outlet  there  in  a  masonry  settling  tank  50  fc«l 
long,  5  feet  wide,  and  4  feet  deep. 

Tlie  sewage  faini  slopes  toward  the  Las  Animas  river  at  the  rate  of 
from  2i  to  SJ  feet  per  100.  and  is  laid  out  with  embankments  following 
natural  eoutourti,  aa  shown  in  Fig.  Ill,  except  that  a  total  of  15  em- 


Pio.  Ill,— Skktch  Plas  of  Skwaox  Farm,  TKisn>*P,  OolobadO. 

baukments  have  now  been  made.  The  embaukiuents  are  from  25  to  50 
feet  apart  and  avera^'-e  about  1.500  fett  in  Kiigih.  ^Vooden  slnice  boxes 
provide  means  for  the  passajfe  of  sewape  tkroujrh  the  cmbaukmcnta  to 
lower  areas.  To  the  close  of  1892  about  $1,200  had  been  expended  \iy 
Mr.  John  in  preparing  the  farm  to  receive  sewage. 

It  is  stated  that  blue  grass  is  projiosed  as  a  crop  on  the  farm,  for  the 
reuiiou  that  it  will  stand  more  frequent  iirigation  than  any  other  ci'op. 


FbesNo,  Calctobnu. 

A  very  interesting  example  of  the  nue  of  sewage  for  irrigation  b 
found  at  Fi-esuo,  California,  where  the  city  pays  $5,000  per  year  for  the 
disposal  of  its  sewage,  and  the  contractor  distributes  the  sewage  over 
land  which  he  rents  to  Chinamen  for  market  gardens. 

The  population  of  Fresno  has  increased  from  1,112  in  1880  to  lU,- 
818  in  1890.  A  puVdic  water  snppiy  was  introduced  in  1870  by  the 
Fresno  Water  Co.  The  city  put  a  sewerage  system  in  operation  in 
Jaimarj',  1890.  Shepard  &  Teilman.  of  Fresno,  were  engiuL-ers  of  th« 
system,  Mr.  J.  C.  Shepard,  of  that  firm,  being  city  engineer  at  tfav 
time.  Sept.  5,  1892,  there  were  inclnded  in  (bis  system  about  eieht 
miles  of  sewers  on  the  separate  plan,  not  including  the  nntlel  sewer. 


FniCSKO,  CALiroHPriA. 
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iiiih  consists  of  about  4i  miles  of  24-incb  vitrified  pipe  laid  to  a 
fO'^de  of  3^  feet  per  mile.  Jan.  1,  1893,  there  were  in  nse  about 
(iUO  Louse  (connections  and  six  Husli-tankH.  In  addition  to  the  Hush- 
tanks  tht^re  is  at  foui'  |)oints  a  continuous  flow  of  water  into  the 
sewers,  about  equal  to  a  2-iuih  stream  under  a  G-foot  head.  Tlie  lower 
I'lid  of  the  outlet  connects  lUrectly  with  an  irrigating  diteh. 

We  are  indebted  to  Shepard  iV  Teilinan  for  the  information  here 
given  regarding  the  sewage  form,  the  remainder  of  which  is  presented 
sniistantially  as  furnished  by  them  in  September  and  October,  1892,  as 

follows: 

Prior  to  the  conatmctioD  of  the  sewers  the  city  trustees  considered 
the  disposal  of  the  sewage  the  great  obstaelo  to  be  overeome ;  there- 
fore they  called  for  proposals  to  take  care  of  the  sewage  for  five  years, 
the  siiecessful  bidder  to  give  a  bond  ni  ?Hl,0(Hl  to  protect  the  city  from 
all  damages  which  might  arise  therefrom  after  its  delivery  at  the  end 
of  the  pipe.  Alexander  McBeau,  of  Oakland,  was  the  lowest  bidder, 
and  his  bid  of  $5,0(H1  per  annum  was  iiceordingly  accepted.  He  pur- 
chased 8(1  acres  of  hmd  at  the  end  of  the  outlet  sewer,  and  for  one  year 
tlie  sewage  ran  upon  it  without  any  attention  or  eai'e,  except  when  oc- 
casionally some  neighbor  saw  Ht  to  take  it  for  irrigation,  Tlie  second 
year  ditches  were  constnictcd  and  the  land  leivsed  to  rhinamon  for 
vesetable  gardens,  aud  for  the  lust  two  seasons  it  has  Iwen  used  for 
irrigating  gardens  aud  vineyards. 

The  land  is  all  under  cultivation  with  all  the  various  kinds  of  vege- 
tables commonly  in  the  luarket,  such  as  potatoes,  yams,  parsnips.  let- 
tuce, celery,  beans,  peas,  and  corn.  It  is  customary  to  irrigate  vege- 
tables in  furrowii  only.  Trees  and  vines  are  preferably  irrigiited  in 
fuiToWH  also.  (irassBs  would  be  flooded,  but  Messrs.  Shepard  A 
Ti'ilman  have  no  knowledge  of  sewage  used  on  grasses  at  this  farm. 

As  to  the  amount  of  sewage  used  on  the  80  acres,  definite  statement! 
are  lacking.  The  24  inch  outlet  sewer,  on  a  gi-atle  of  SJ  feet  per  mile, 
nms  continuously,  it  is  judged,  about  one-thinl  full,  but  what  propor- 
tion of  the  tlow  is  used  on  the  sewage  farm  is  unknown. 

Mr,  H,  Barley,  the  superintendent  of  the  farm,  states  that  he  can  see 
Ho  difference  between  irrigating  with  sewage  and  clear  water.  It  is 
possible  that  the  land  may  produce  good  crops  longer  by  the  use  of 
sewage,  but  that,  he  considers,  is  still  to  be  proved.  The  general  im- 
pression is  that  sewage  is  superior  to  clear  water  for  irrigation.  Tlie 
sewage  farm  is  an  exceptionally  poor  piece  of  land,  but  neverthele.ss 
it  produces  fairly  well  with  sewage  irrigation.  Neither  Messrs.  Shep- 
ard &  Teilman  nor  Mr.  Barley  have  any  information  as  to  what  a 
similar  piece  would  do  if  irrigated  with  clear  water  only. 

When  sewage  is  put  upon  the  land  without  more  dilution  than  is 
given  by  the  flushing  water,  unless  the  land  is  cultivated  within  a  day 
35 


Cf46 


SBWAOB  DISPOSAL   IN  THE  UNITED  STATES. 


or  two,  there  is  iiiiite  a  steuvli,  but  wLeu  cultivated  this  disappesiu 
Thus  fitr  there  has  been  do  complaitit  regariliu^  the  sevrage  farm,  and 
as  the  matter  stautls  the  ¥5,000  is  iu  effect  a  yearly  peD^on  to  the  oon- 
tnu-tor 

When  Dot  needed  ou  the  farm,  the  tsewa^e  is  allowed  to  ilow  in  tb« 
irri^tiu^  ditches  for  miles  beyond ;  in  this  way  it  becomes  very  much 
diluted,  and  ia  the  irrifrating  season  is  used  tlironghont  the  corintrr 
below  the  sewage  farm  proper. 


Paeudena,  Caufobnu. 

After  an  iinfortnnate  esperience  with  the  Pacific  Sewage  Co. — aii 
orgauization  which  agreed  with  the  city  to  construct  a  disposal  system 
wimilar  to  that  in  use  at  Atlantic  City,  New  Jersey,  but  failed  to  do  so— 
and  after  two  years  of  litigation  over  right  of  way  (or  the  ontlet  sewer, 
the  city  of  Pastuleua  in  the  middle  or  the  Utter  part  of  1892  Ixegan  tbo 
preparation  ot  a  farm  for  the  disposal  of  the  sewage  uf  the  city.  It  ia 
expected  that  this  farm  wiU  be  pnt  in  use  in  the  season  of  1893,  as  Jb- 
scribcii  l>elow. 

Pasaileua  is  a  city  of  compaiatiTely  recent  origin,  its  popobUioD  in 
1880  having  been  but  39L  The  present  popnlation  is  estimated  al 
6,000,  the  ivusiis  of  1890  showing  4,682  inhabitants.  The  constnictioti 
of  a  sewerage  system  was  l»«^:uii  in  1887,  and  in  1891  neariy  five  miles 
of  sewers  hud  been  built  within  the  city  limits.  Aogo^  Mayer,  CX^ 
ut  Pasadena,  is  the  engineer  of  the  whole  system,  which  is  of  the  sepa- 
rate type.  We  are  indebteil  to  Mr,  Mayer  for  tht-  following  infonna- 
tion  relating  to  the  sewage  farm,  the  matter  having  lieeu  furnished  ia 
NoA-ember.  1892 : 

The  city  of  Pasadena  lies  in  the  midst  of  the  S»n  liabrie!  valley,  ml 
the  foot  of  the  >S«TTa  Madre  moontjuns.  10  mlk-s  northerly  from  the 
rity  of  Los  Angeles  and  about  30  miles  from  the  Paci6c  irrrsn  Ua 
elevation  abore  the  Utter  may  be  taken  at  900  fei-1.  or  alwut  SCO  {oeC 
aliove  the  main  pari  of  Los  Angeles.  The  soil  anmnd  the  city,  and 
es|>ivi«lly  that  rli>se  to  the  moantaius,  is  sanilv.  with  excellent  ondo- 
itraiua^e.  The  general  slope  towaid  the  la-eaii  iu  the  viciaity  of  the 
city  is  :*  ^et  per  100  &et.  "nie  gmdee  f>bl«uiai>le  fur  ^wei^tt  in  the 
city,  with  one  or  two  exee|itioas,aieexcrIWiii  The  avexagr  annual 
f«infall  amonats  to  30  inchea,  wfaieh  ia  pnripitatvd  chimdy  iluriup  the 
■Knths  of  Jaanary.  FebraaT>',  Manrh,  and  ApriL  Tlie  aventgti  ten- 
perattuv  darinfr  the  rainless  right  somner  BKwths  may  he  taken  al 
HS'  F.    the  air  is  dry. 

Wlter«Ter  water  is  obtainable  fbr  irneatian,  citnt*  fniit  i*  principaUjr 
iM8#<d.  whib-  thi*  unwatered  land  is  fit  only  f  -  -*-     r .  :ir  _-     '  ^ 
deddikuuis  fruits,  grapcK.  and  barley  :  tkr  lattM 
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vicinity  before  its  maturity  and  used  for  hay.  Bare  land  its  worth 
JlOO  per  ttt-re  without  watt-r,  while  watered  laud  is  held  at  about  iiiOQ 
per  acre.  Irrisatioii,  therefore,  miikes  the  huid  valuable,  and  aiijce 
water  is  here  uuly  obtainable  from  «i>rinfjrt  or  storage  reservoirs,  of 
wliit'h  latter  thfre  are  uoue  iit  this  |ilji(ie  at  preHeiit,  waste  of  water  is 
hnrdly  ever  met  with.     It  appi-ars,  thiirt-fori'.  that  the  cirL-uuistaucea  fur 

I  Buwessfiil  sewage  di«poaal  by  meitns  of  ini^ittiou,  from  a  tinaiicial  iw 

[well  as  ariiiitary  ataiidpoiut,  are  fiivoralile. 

The  sewage  farm  is  owuetl  by  the  city,  ami  compriaea  300  aerea  of 

'  laud  sitiiatt'd  about  four  niilen  from  tiie  t'ity  iu  a  southeasterly  direi:- 

,  tiou,  iu  a  well-aettled  piirt  of  tht;  valley.  The  soil  is  a  saudy  h»am, 
mixed  with  some  alkali.  It  has  the  I'lipat^ity  of  absorbiug  a  couaidcr- 
able  quantity  of  water.     It  is  nsMiiiated  tliat  for  the  preaeut  ouly  40 

I  acres  will  actually  be  required  tor  the  diapoaal  of  the  sewage,  although 
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ViB.  112. — BKKTCn  OP  Sewaoe  Outlkt  flATt;,  Pasaiirna,  Calipoiikia. 

I  the  sewage  may  be  spread  over  a  much  larger  area  for  the  puriiose  of 
I  irrigatinj?  crops  on  the  remaiudcr  of  the  fann.  Most  of  the  laud  will 
probablv  coutiuue  to  be  devoted,  as  at  preaeiit,  to  the  raiaiug  of  barley- 
hay  iiutil  fniit  orchards  are  planted.  The  laud  originally  cost  ?125  |>er 
I  acre,  or  a  total  of  about  Ml', (Hid,  inclndiug  some  extra  expenses.  The 
IproBs  yield  iu  barley-hay,  without  irrigation,  is  f4,00()  per  aunuui,  or 
j  10  per  ceut.  ou  the  cost ;  the  net  yield  amounts  to  about  $3,000,  7i  per 
,  cent,  on  the  money  invested. 

It  is  the  iuteuti<m  to  devote  the  land  irrigated  with  sewage  to  the 

I  raising  of  vegetables,  berries,  and  citrus  fruits,  and  perhaps  walnuts  and 

ulfnlfrt.     Tlie  hitter  yields  about  soveu  crops  per  annum,  or  about  10 

I  tons  per  acn?,  and  is  sold  for  $10  to  $15  per  ton.     It  struids  any  amount 

(of  irrigation  at  all  seasons,  aud  the  st-wage  may  be  crowded  on  it  at 

any  time.     Vegetables  are  calculated  to  yield  $25  net  per  acre,  while 

hemes,  as  a  mle,  yield  from  $100  to  $200  per  acre  per  amium.     Citrus 

fruits  often  net  froui  S150  to  $400  per  acre  per  annum,     Witli  sewage 

irrigation,  Mr.  Mayer  thinks  these  hgurea  may  possibly  be  exceeded. 
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Ab  Been  from  the  section  of  the  outlot  gate.  Fig.  112,  the  sewuge  is 
token  from  the  sewer  in  much  thi-  aauie  iiiauuer  as  water  from  irrigutiiiK 
pipes,  by  the  simple  closing  of  a  cast-iron  slide  gate  built  into  a  man- 
hole, tlu'oufrh  which  the  pipe  lemls.  The  sewnge  is  thus  bucked  up 
into  the  sewer  until  it  rises  nearly  to  the  tup  of  the  man-hole.  wheuL-e  it 
finds  its  waj-  thvimgh  a  joint  of  eewer  pipe  into  the  main  carriei',  au 
eitrtheu  ditch  20  inche.s  wide  at  the  top,  10  at  the  bottom,  and  10  inches 
deep.  This  carrier  ha«  a  grade  of  from  4  to  G  inches  in  10(1  feet.  The 
laud  which  the  main  carriers  cover  is  divided  into  tields  100  feet  in 
width  and  from  200  to  400  feet  in  length.  The  slope  of  the  fields  at 
right  angles  to  the  main  carriei-s  is  IJ  to  2^  feet  per  100  feet.  To  irri- 
gate the  fields  a  dam  of  earth  or  of  redwood  board  is  inserted  in  the 
carrier  at  the  lower  end  of  the  field,  and  the  sewage  is  thus  diverted 
into  numerous  small  furrows  from  3  to  6  inches  deep  and  one  foot 
apart,  previously  made  with  a  common  cultivator.  Each  tiehl  is 
expected  to  take  the  sewiigi-  for  at  least  12  houi-s.  After  the  fii-st 
soaking  the  dam  is  removed,  luid  the  next  field  in  order  will  receive  its 
charge,  and  so  on.  As  soon  as  the  ground  permits,  say  in  about  two 
days,  field  Ko.  1  will  be  thoroughly  cultivated,  to  keep  the  grouud 
from  baking  hard  nud  to  allow  the  air  to  act  upon  the  soil.  This  ia 
the  common  course  adopted  in  this  vicinity  for  iiTigation  with  pure 
■water. 

Fruit  trees  are  planted  in  n^gular  lines  about  20  feet  apart  each  way, 
which  permits  the  miinner  of  irrigation  described  in  the  foregoinp. 
The  Hide  and  bottom  walls  of  the  main  can■ie^.'^  will  be  raked  over  with 
a  garden  rake  whenever  it  betiomes  necessary  to  prevent  the  ditch  from 
beeoming  had. 

Berries  are  to  be  planted  in  rows  about  8  feet  apart,  and  the  sewnge 
will  be  led  in  between  the  rows  so  that  the  ground  can  be  well  culti- 
vated. Vegetables  may  be  planted  in  single  or  double  rows,  iis  tlu> 
case  may  require,  and  the  sewage  will  bo  conducted  in  between  tho 
rows  or  fields  in  flat  trenches,  which  are  to  remain  filled  until  the 
gi-ortiid  from  ti'euch  to  trench  is  thortuighly  saturated  with  tin-  sewage 
water,  when  the  trenches  will  be  drained,  and  after  having  dried  off 
sufiBcieutly  they  will  be  cultivated. 


Keddino,  Caupobku. 

Bedding  ia  one  of  the  smallest  towns  in  the  United  States  osiog 
sewage  for  irrigation  or  having  a  sewerajje  syatom  ;  its  population  iu 
1800  was  1,821.  and  in  1880  but  600.  A  separate  sewerage  nystem  w.-w 
built  in  1889  by  the  town,  with  the  city  engineer,  8.  E.  Broukins, 
as  engineer,  iiud  Bassett  &  Touhey,  Saci-amento,  as  contractors,  wh" 
also  entered  into  an  agreement  to  dispose  of  the  sewage  for  41)  yuant. 
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Jiiiiuaiy  1,  18!)3,  there  were  2.9  miles  u(  aewers  and  seven  112-gaIloii 
tliisli-tauki^  ill  ii»e. 

TLe  following  desciiption  of  tlie  sewage  farm  and  mutters  pertain- 
ing to  the  disposiil  of  sewage  han  been  prepiirod  from  material  fm- 
niahed  iu  October,  1892,  by  L.  F.  Btirtsett,  O.E.,  the  |»reseut  owner  of 
tlio  farm  : 

Kedding  is  situated  on  slifrlitly  rolling  ground,  at  an  elevation  of 
550  feet  above  the  sea.  It  is  bordered  on  the  northeast  and  southeast 
by  the  Saerainento  river.  The  climate  raug'es  fri)m  16°  above  zero  iu 
the  winter  to  lli7^  F.  above  lu  summer,  Most  of  the  season  the  atmos- 
phere is  dry  and  evaporation  rapid. 

It  was  the  oriffiual  intention  of  the  town  to  diachargre  its  sewage  into 
the  Sacramento  river,  but  objection  was  made  at  Sa*;raiuento,  where 
water  is  taken  from  the  river  to  supply  the  city,  and  the  State  Board 
of  Health  gave  notice  to  the  authorities  of  Bedding  not  to  discharge 
the  sewage  into  the  river.  The  town  authorities  thereupon  requested 
bids  for  taking  i.-are  of  the  sewage,  and  a  contract  was  entered  into  for 
a  term  of  4(1  yejirs,  the  sewage  to  be  disposed  of  at  $3(H)  for  the  first 
year,  the  amount  of  yeaily  payment  thereafter  to  increase  in  propor- 
tion to  the  increase  of  the  asHesHniont  roll. 

The  contrai'tiirs  immediately  purchased  a  tract  of  abont  1110  acres  of 
land  within  the  corporate  limit,  shown  by  Fig.  113,  and  prepared  a 
l»ortion  of  it,  abont  a  mile  from  the  built-up  part  of  the  town,  for  the 
utilization  of  the  sewage  by  irrigation.  The  land  selected  is  com- 
paratively level,  and  the  soil  a  sandy  and  gravelly  loam  4  to  fi  feet  in 
depth,  underlaid  with  gravel.  Land  better  adapted  to  the  purpose 
would  be  hard  to  find.  About  10  acres  have  been  prepared  for  irriga- 
tion by  levelling  and  constructing  open  carrier  ditches,  elevated  above 
the  surface  of  the  land  to  be  irrigated. 

The  aewnge  is  applied  directly  to  the  land  by  the  broad  surface 
irrigation  system,  either  by  being  run  in  furrows  between  rows  or 
spread  over  the  surface,  according  to  the  requirements  of  the  crop. 
The  sewage  has  been  applied  to  various  crops,  grain,  asparagus, 
potatoes,  turiiijis,  beets,  orchard  and  some  garden  truck.  It  has  been 
principally  used  in  raising  fruit  trees  for  uursery  stock,  the  yonng 
trees  being  irrigated  between  the  rows.  About  five  acres  are  used  as 
a  nnrsery. 

Generally  the  land  is  cultivated  as  soon  after  an  application  of  sew- 
age as  the  soil  becomes  dry  enough.  Part  of  the  year  it  is  uecessary 
to  put  the  sewage  on  land  on  which  no  crops  are  growing.  It  is  then 
customary  to  run  the  sewage  on  the  same  piece  of  land  for  several 
days  in  succession,  and  after  the  land  becomes  sufficiently  dry,  to 
plough  or  cultivate  it.  This  is  more  particularly  the  case  in  winter, 
when  there  is  anfficicnt  moisture  for  crops  without  irrigation. 
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The  sewage  is  not  allowed  tu  Huw  oontiDuously  ou  to  tim  laDtl,  us  luo 
Hiui-h  time  would  be  lequii-eJ  in  taking  care  of  it ;  besides  wliicli  tLi' 
urdinajry  flow  is  not  of  suliieieut  voliimB  to  operate  succesafolly.    Ah  I 
uliowii  by  the  plan,  Fig.  113,  ;i  reservoir  way  constructed  at  the  outh-t] 
of  the  sewer,  at  tlie  upper  liiii'  of  the  sewage  farm.     This  reservoir  luw 
a  capacity  of  75,000  fralhuiK,  which  is  about  equal  to  the  daily  flow  in  | 
the  dry  seasou.     Eaeh  inoruiiig  the  outlet  in  opmied,  and  the  coutetitn 
discharged  in  from  two   to  four  houi's,  as  desired.     The  bottom  ami 
sides  of  the  renervoir  are  si»  constructud  that  cvorythiug  gravitates  U> 
the  outlet,  and  special  cleauin;^  is  seldom  necessary.     An  abundant 
supply  of  water  from  the  town  water-works  is  at  hand  for  use  if  n-- 
quired.     The  reservoir  is  (wvert-d  with  a  roiish  board  sinicture,  and  » 
vent  chimuey  of  lumber  is  carried  to  an  elevation  of  about  60  feet. 
This  has  been  sufficient  to  prevent  any  nuisance,  and  none  is  com- 
plained of,  although  the  reservoir  is  alongside  the  public  road. 


Fia  118. —Plan  of  Skwaob  Pahh  RKumsG.  CAuruBXtA. 

It  is  stated  by  Mr,  liassett  that  no  difficulty  has  been  experienced  in 
preventing  a  nuisance  on  the  irrigated  lands.     Care  and  attention  toi 
secure  proper  distribution  and  cultivation  are  required,  and  with  these  ' 
the  results  have  been  fairly  satisfnctorj'.     There  is  sometimi-s  a  slight 
odor  in  the  immediate  viciuity  of  freshly  irrigated  land,  or  wlirrt-  tin- 
sewage  becomes  ponded  previous  to  its  subsidence  into  the  soil,  but, 
even  this  odor  is  not  noticeable  at  a  distance  of  2011  feet. 

A  screen  near  the  upper  line  of  thf  inigated  lands  (see  Fig.  11-H^ 
catches  such  large  objects  as  might  cause  an  obstrnction  in  the  dit«;hea 
or  interfere  with  the  free  flow  of  the  sewage  over  the  soil.  There  ba 
bei'H  no  underilrainage,  as  none  Is  required,  the  soil  being  very  porous 
and  underlaid  with  an  estensive  l»d  of  gravel. 

There  has  been  some  prejudice  agJiinst  the  sewage  farm,  but  this  ia 
gradually  dying  out.  The  most  of  this  is  stated  to  have  been  manii 
tested  by  two  landowners  iramediately  south  of  the  tract  under  irriga- 
tion, who  from  the  first  objected  strongly  to  the  location  of  the  sewage  1 
farm  in  their  vicinity.  In  June,  1802,  one  of  the  objectors  had  the' 
proprietor  of  the  farm  arrested  for  maintaining  a  public  nuisance.     Atj 
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I  uii  exumiiiHtioii.  held  Bliurtly  iLftt'i-tVHii],  thu  oxtiniiiiiu^  luugiHtiiite 
ilei'iiltid  tliiil  tLe  evidence  whs  not  such  iik  woiilil  si^ciiii'  ii  cuiivirtiini, 
Hiid  the  ca»e  wim  (lismist^eil. 

I    Besides  the  sowag'e,  fresh  wa,tiir  frimi  lln-  Sacra  men  tu  river,  suffiiieut 
or  40  acres,  is  available  fi)r  iiri<>;atii>ii  at  this  farm. 


L()B  AnCELEH,   CA],lt1JltNlA. 


The  city  of  Los  Ajigeles,  Culifomia,  is  uow  the  secoud  in  size  in  the 
State,  having  imreased  from  a  population  of  11,183  in  1880  to  50,395  in 
1890,     Water-works  were  built  in  186'2,  but  the  date  at  which  sewers 
ere  fii-st  put  ill  ojieratioji  is  not  at  hand,  though  it  waa  not  until  1887 
ihat  a  corapreheusive  plan  for  sewerage  was  prepared.     In  that  year 
tiewerage    plans   were    prepared    by    Fred    Eaton,  M.  Am.  Soc.  C.E., 
who  was   then  city  engineer  of  Los  Aiigeles.     The  sewers  were  de- 
giied  on  the  separate  system,  and  proportioned  for  a  final  population 
i  200,000,  allowing  100  gallons  of  sewage  per  hi.^ad  per  day,  with  a 
maximnm  How  of  150  gallons.     Tliese  plans  were    reviewed  iuid  ap- 
proved by  Rudolph  Hering,  M.  Am.  Soo.  CE.     Thi-y,  howevor,  failed 
receive  the  sanction  of  the  final  municipal  authority. 
Ill  1H89  Mr.  Eaton  presented  another  plan  fiir  the  drainage  of  the 
.city,  somewhat  more  elaborate  than  the  former.      The  rapid  growth 
linee  1887  and  tht-  great  improvements  in  street  paving,  as  well  as  the 
rospects  (>f  future  development  had  so  far  changed  the  conditions  as 
lead  til  the  conclusion  that  more  liberal  provision  for  sewerage 
hould  be  made  than  the  previous  plan  contemplated.     Tlie  subject 
(18  therefore  treated  on  a  larger  scale  than  in  the  previous  plans.  The 
itreet  sewers  were  to  a  great  extent  planned  on  the  combined  system, 
-■liiK-'  an  outfall  to  the  sea  was  provided  I'tn  Balloua,  iustead  of  na 
Jeutinella  Kaneho,  as  in  the  previous  plans.* 

In  order  to  keep  the  cost  of  the  outfall,  which  would  of  necessity  lie 
ii'veral  miles  in  length,  within  bounds,  provision  was  made  for  ilis- 
liarging  storm-water  directly  into  the  Los  Angeles  nver  and  oilier 
atural  water  courses  by  storm  overflows.      In  this  way  the  main  out- 
fall was  kept  down  to  a  size  about  sufficient  to  convey  the  dry  weather 
.flow  of  the  sewage  of  the  city. 

In  spit*'  of  the  various  restrictions,  the  cost  of  the  enlai-ged  plan  waa 

lonsiderably  greater  than  that  of  1887.      'V\Tien  put  before  the  citizens 

1  vote  b(mds  for  its  execution,  the  project  was  defeated  and  therefore 

bandoned. 

At  this  time  the  daily  dry-weather  flow  of  sewage  amounted  to  abtiut 

.000,000  gallons  per  day,  and  was  disposed  of  by  imgation  ou  a  sandy 

tract  of  1,700  acres  adjoining  the  southern  limits  of  the  city  and  known 

*  Loa  Angeleain  on  On:  Ihib  ,\D|jde>  river,  aliout  \'i  milw  from  Clie  Pociltc  ocaui. 
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as  the  Vernon  (iistriet.  The  sewage  was  taken  at  the  city  limits  bj- 
tiie  South  Hiili-  Iiiigfition  Company,  who  distributed  it  to  the  difi'ereni 
laud-owners  of  the  district  through  open  ditches  owned  and  controlled 
by  the  company.  The  lauds  reached  by  the  sewage  ditches  had,  prt- 
>"iou8  to  iiTigation,  yiuldud  a  yearly  reutal  of  about  ¥2.50  per  aero ;  but 
with  sewage  irrigation  they  easily  ri'utcd  for  fri)m  $15  to  J25  pel-  acra 
jJiT  annum.  Throughout  the  whole  district  tho  aewage  was  the  only 
Wider  that  ctmld  be  depended  upon  for  irrigation,  fxcept  on  a  U-w 
acres  reached  by  the  surplna  waters  of  the  irrigation  ditches  in  the 
city  of  Los  Angeles. 

Duiing  the  era  of  real  estate  speculation  (1885  8fl),  a  great  deal  of  the 
lanii  of  tlio  Vernon  district  was  cut  up  into  lots  and  sold.  Rt;»idenceti 
and  improveineiits  WL-re  coustructed  throughout  the  diatrict,  and  for 
the  following  reasons  the  sewage  began  to  be  considered  the  source  of 
a  public  nuisance:  (1)  It  was  carried  in  open  ditches  ;  (2)  the  people 
Were  obliged  to  takf  it,  whether  they  wanted  it  or  not ;  (3)  the  irrigable 
area  was  considerably  reduced  1\\'  subdivision  into  house  lots,  while  by 
reason  of  the  rapid  growth  of  the  city  the  quantity  of  sewage  wna 
continually  increasing  ;  and  (4)  the  owners  of  the  lands  were  more  in- 
terested in  selling  for  residences  than  in  developing  tor  cultivation. 

Finally  injunction  suits  were  brought  against  the  South  Side  Irri- 
gation Company  to  compel  it  to  convey  the  sewage  in  closed  con- 
duits through  the  lands  of  such  owners  as  objected  to  open  ditches, 
and  also  to  restrain  the  copipany  fiom  delivering  sewage  to  lands  wh^li 
not  required  thereon  for  the  irrigation  of  crops.  As  further  compU- 
cating  the  matter,  the  city  bad  only  one  outfall  and  was  unablt-  tt»  i-oii- 
trol  the  volume  of  sewage  ;  agiiin,  whatever  volume  was  dischargt^d  Jit 
the  city  line  the  Irrigation  Oonipaiiy  was  obliged  to  dispi>se  of,  Thp 
result  of  the  contr()versy  was  that  the  injunctions  were  grniiteil. 
whereupon  the  Irrigation  ('ompany  turned  the  sewage  into  the  Los 
Angeles  river,  where  it  has  since  gone  to  waste,  except  that  a  small 
area  has  remained  under  irrigation. 

In  the  meantime  the  qucsti(m  of  ultimate  disposal  was  pressing  for 
solution,  and  finally,  in  November,  1889,  the  council  ordei-ed  that  "idl 
plans  and  propositions  for  sewering  the  city,  and  all  proposids  fur  the 
disposal  of  the  sewjige.  be  referred  to  a  Commission  of  Engineers,"  U* 
consist  of  Rudolph  Hcring,  M,  Am  Hoc.  C.E.,  Fred  Eaton,  M.  .\m 
Soc.  C.E.,  George  Hansen,  C.E..  Oeorge  V.  Knox,  C.E..  and  Augm-t 
Mayer,  C.E.,  who  reported  nnder  date  of  December  23.  1889. 

The  Commission  took  up  the  various  projects  which  had  been  sub- 
mitted from  time  to  time,  including  those  of  a  citizens'  committt^ 
which  bad  reported,  a  shori  time  before  the  appointment  of  tho  f '(Jin- 
mission,  a  project  for  sewerage  embodying  Huhstantially  Mr.  Eaton'* 
plan  of  1887;  but  instead  of  an  outfall  to  the  sea  they   advocated  th>- 
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erectiou  of  aeveial  detuclied  stations  at  which  all  the  sewage  wouhl  be 
treated  by  precipitutiuu  or  tiltratiou,  and  the  effluent  used  for  irriga 
tiou  to  the  south  of  the  eity.  The  estiuiatefi  subnjittiid  by  the  citizens' 
committee  were  eoiisiilerubl,y  lower  than  either  tlie  engineer's  eetimatb 
of  1887  or  that  of  1889.  The  precipitation  plan  was,  however,  showu 
wheu  uualyzeil  to  entail  much  larger  capitalized  espenst;  than  the  citi- 
zens' committee  had  eBtimated. 

In  its  report  the  Commission  of  Engineers  titok  the  nintter  iiji  in 
detail,  jiud  preseiiti'd  estimates  on  the  various  routes  and  plans  which 
had  been  under  diseunsion,  together  with  concise  atatementt;  of  the 
problem  of  sewage  disposal  at  Los  Angeles,  and  concluded  "  that  on 
account  of  the  nearness  of  large  areas  of  irrigable  lauds  and  the  com- 
parative distance  to  the  ocean,  a  disposal  of  the  sewage  by  irrigation 
is  the  most  suitable  method  for  Los  Angeles." 

The  problem  of  disposal  by  irrigation  was,  however,  somewhat  com- 
plicated by  the  fact  that  the  city  owned  no  landti  upon  which  to  ijTi- 
gate,  and  that  consequently  disposal  liy  iriigation  must  be  subject  to 
arrangements  with  the  landowners  ;  and  in  order  to  obtain  their  views 
n  circular  was  pi-epaied  and  placed  in  the  hand  of  every  laud-owner 
that  coidd  be  reached  in  the  Vernon  and  Florence  districts  and  in  the 
direction  of  Balloua,  these  being  the  localities  to  the  south  and 
southwest  of  the  city  in  which  ilisposal  by  irrigation  would  be  natu- 
rally applied.  The  following  are  the  questions  asked  in  this  cir- 
cular: 

1.  Do  you  ilesiie  sewiige  for  irrigation  ? 

2.  Would  Tou  use  ci'Uiie  sewage? 

.^.   Woiilri  Toil  prefer  enide  auwuge  ? 

4.  Woiilil  vou  use  piirifled  sewnge? 

5,  How  many  anrea  of  Iftnil  do  you  own  ? 
I),  How  many  aoros  would  you  irrigate  ? 

7.  Wlmt  is  the  nature  of  your  soil  ?     (Sandy,  loamy,  alkali,  or  moist.) 

8,  Del  you  wish  the  sewage  for  the  dry  HPason  only  ? 

i),   Wiiiild  you  take  tbe  BCwage  for  the  wet  season  only? 

111.  Would  you  enter  into  contract  with  the  city  of  Los  Angelas,  and  give  bonds 
to  tnke  care  of  its  sewage  at  a)l  soa-tonn,  nnd  if  so,  how  lone  ? 

11.  Would  you  make  use  of  the  eity's  sewage  at  timett  when  you  needei]  it,  if  its 
aysteni  was  pi^ovided  with  an  outfall  sewer  to  the  sea? 

12.  Do  yon  use  wiiU  water  for  household  piiqioses  ? 

13.  Wbat  in  th«  dejith  of  your  well? 

14.  Is  your  well   tnlteil  ? 

lii,  III  boring  and  digging  did  yon  meet  with  any  imperviouH  layer  of  clay  or 
liuiilpan  ? 

IB,  Would  you  object  to  the  irrigation  with  sewage  on  lands  iri  your  vicinity  ? 

A  great  number  of  answers  were  received,  which  are  presented  in 
four  tables  in  the  report.  The  following  from  the  report  gives  the 
main  points  of  these  four  tables: 

Table  No.  1  shows  for  Venion  and  Florence  that  thirty-flve  proi>erty  boldei^g, 
owning  3,038  acrea  of   laud,   desire  sewage    either  crude  or  pure  for    irrif^Rtioii : 
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iwelve  )»niiniK.  iroutmlliiH!  3(17  MertiH,  irill  uiakn  use  mf  jjuriHed  sewagi-  only  ;  ihic- 
Ij-two  [i^rscus,  owiiiiig  ^,H65  acrits,  will  take  sewagu  for  tlie  Jry  seuson  inU.v  ;  sb- 
tt>en  iicrnons,  uwuiiig  i>71  uterus,  would  Inke  tlie  i^ewiij^e  iluriDg  Ilit  n-ttt  Kemton; 
Ihiei'  poraoLs,  tonlrollinj;  18  wves,  intend  to  use  snwuge  oulv  if  tlje  rily  jiiuvidn 
its  Bpwer  system  with  iiii  imtfnll  to  llii-  eea  :  4^1  jM'rsoiis,  ciwuing  nil  tUe  ]ii-o(iert; 
■■Mnvwibied.  except  TO  ui^reH.  reftit^  to  giiaraiilee  by  couti'act  uiid  bond  lo  take,  the 
Hawaii  o(  till!  oily  ut  nil  si-uicms ;  liiiee  [lersons,  owiiiug  TO  acii-s,  aiguify  Uieir 
williiigntss  to  eiiler  into  t'oTitmcI  nitli  tlieultyund  g^ivt' bond  to  tnkt'  the  seuago 
fur  ull  WRHimB:  f»rtv-ttvi!  |«jrsoiiH  slate  llint  lUt^y  nse  well  water  tm-  dimiestic  pur- 
|iOK(w<,  'lAble  Ko.  '2  shows  for  VorDou  imd  Flort'uce  I  Lai  one  biuidiFd  and  Ibirtv-tbl'e* 
pi\ipi>rli  oiviiBra,  coutvi)llitig  5,125  acres,  jiositively  lefiiao  to  nsi-  seHuge  for  irri- 
gntioii,  wbiio  one  liiuidicd  mid  twenty  (our  of  tbem  object  also  to  sewugis  irrigation 
in  their  vifinity,  Tuble  No.  3  sliows  that  five  iiersons.  owning  l,0'2ii  acii-«  ot  laud 
iti  tbe  itii'oetion  of  Bolloiiu.  will  Inhe  Ibe  sewage  for  irriitutioii,  crude  or  )iiiiitiHl : 
u\  jicrHaiis.  owning  l.lKiVJ  ai'iva,  will  take  the  Hewuge  for  tlie  dry  season;  u» 
one  in  tlint  vioiiiity  offleri;  to  lake  uewage  duriug  Ibe  wet  season;  all  six  persons 
r»fii!>ed  to  enter  into  eoiittuet  vilb  the  city  to  take  the  xewage  at  ail  times,  triiile 
five  usu  well  water  (or  doDiesiii'  {imposes.  Table  No.  4  shown  that  twenly-two 
proiM-rly  holdei-s  in  the  diri>etjoii  of  La  Ballima.  cimlrolling  1,711  wk«.  refnse  lo 
iniitnti-  with  sowiigo,  wbilo  Iweuty-one  of  ibuoi  idsu  object  to  sewage  iiTJintliun 
ill  ibvir  vioinily.     MoHt  of  the  land  in  reporl(>d  to  lie  sandy  or  tandy  loam. 

.Vsstiiteil  tiy  tlif'Comuiissiou.  the cuu^-lnsiuns  which  are  resche<i  (mm 
tlie  fi>rtt;;uiii^  jxiiut  tti  the  falliiuitii; : 

(1)  Thiit  a  givat  fkorlioii  of  the  lands  lying  xonth  ot  ihff  cily  An  enitat>l«  (or  (tti- 
palion  piir|Hues.     Tbis  ibi.'  Oomuiissioli  o»n  adirui  frotn  personal  iii^peeltiiD. 

(J)  Tbiit  an  insiilHcient  ornouiil  of  land  is  ofTereil  for  ■  permaueul  disposal  of  lb* 
cily's  senage. 

(3)  That  enough  biiid  ia,  huwpT(*r,  aTailable  for  n  disposal  during  1Im<  dry  nrMWil 

j'll  Tbat  an  insufik-iniil  Muonnt  of  wwage  would  tie  OMvpted  in  winter. 

Tiie  OoiuuiHsiuu  r<mt)une«l  th<-  liisi'tisHioD  as  follows : 

The  prtibleni,  tbei>-[(-rv.  n>iiitii'iiig  a  solatiun.  ix  the  finding  of  •  pmettealll* 
DK'iboil  of  dis|>iv>Jng  of  the  senag<>  during  the  winter  moDth^ 

In  onter  to  liavp  ^^nie  tangible  ilatn  ifgniiling  the  length  of  limje  daring  wbieb 
RTAge  h  nul  do^red  liy  trrigBl<>r>^  we  have  aski^  and  receiTMl  a  !stat«tneiil  tfafieof 

[>■■!  Mr.  Ilrmy  MHrtz.  Pr<vi.id<'nt  ot  the  Suutb  Sid«  Irrigulion  Cnmnuiy,  nbowtDic 
Ihal  &iuiv  the  snmuier  of  IHNIS  the  sewage  had  In  be  mu  to  wtk.Me  tinriu^  (1hi  (ol- 
kiwiiig  (wriudN  From  Ni>v.  13.  ls8>>,  t.i  Feb.  H,  1^89,  93  davs,  no  sewsiK  «■*  ttevd. 
Pii>m   Feb    II   u>  Man-k  II.   Itft«,    M  Atfs.    noe-baU  of  'the   ^  i'    uwd 

ta1»>u^  S{  iMkbi<:  tret  per  M«o«d  <M  GSO  aeres.  or  3,40I>  galtoiw  i  -r  aF*c.| 

F^>u  Mlrvh  13  to  Aiml  Vi,  1889,  3S  dars.  im>  si-wxge  wut  B.-^i  i  i^'ta  April 
aOlo  Se)il.  SO,  \»H9.  ll»  iUy&.  all  ihr  M-w«ge  was  iu.i]  (aboni  8  nUe  leel 
fiTT  srnuid  on  l.TOU  tu^oe,  m-  3,(H{I  mllon^  per  dny  {aer  arrv).  From  Hppt.  90 
to  (Vt  'Jill.  1889,  1)0  Jays,  tme-lliinl  oF  liw  H-wvgp  w«>  ni«d  (aboat  thm  rab*r 
Ctet  |i«r  Kcond  on  1,700  acns,  or  1.140  callons  per  diy  }vi  men).  Oct  30  to  IW. 
a.  1889;  M  days,  do  Nevage  ino  osmL  TbeiWnre.'betveen  Orl.  9.1.  Ii488.  aad 
Od.  M.  1888.  on  lti7  Javis  all  !«v«g*  «v  nsed ;  for  36  d>T«,  one-baU  of  ti :  for  91 
Jav^  oalT  nnt^birx)  of  il  ;  and  for  IV  ilaT^  none  was  aWd.  B«tWt<K  8e[M.  30, 
I8?ot.  and  S>-pi.  .10,  1S89,  an  307  days,  all  tlto  sew«g«  was  Bsxd ;  Cor  W  4ay«. 
OMa^luUt  of  it.  mhI  for  1^  days  no  sevag*  <r»s  vmtL 

Dnnnc  ■  wl  ymr.  the  kanWt  of  dayn  whtu  lli«  wal«r-t«ker>  dn  not  van!  tbn 

wwBge  t<  <till  i;t«U«r;  Imt  (or  lb#  )>*irfw<«  n(  a  i [■iiliii   laliwili    c>(  niM.  «* 

have  ajsaui<->i  an  aTMaRv  ltm«  of  130  d«iyt  t<w  aoftim,  Avtiuf  wbkli  U>»  tm*^t 
mtt*i  tw  di^iK-'^l  of  by  otb«i  wMlM<d>  iImb  tb* J>r«M*l  our.  I«tid  cuuot  W 
pn-ipnrly  mliirikiiHi  whiph  nii«t  rrvvtm  trnman*'*  all  ar— otta.  Thr  rrojK  at  aeitiia 
■tit  III  r  gniwtb  sill  bp  ivKttitvly  iDJnrTd  byimgKtkm.  Tb<>  grt^liti  t«wrSt  ■ 
iIwitWI  by  land-vwurn.  if  Ibey  >rr  ptart^l  in  attcb  a  poritfa^  ibat  tb»y  nui  taltf  lb* 
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flIRfHgi'  whenever  and  in  wliutever  qnanlity  tliej  desire.  Uuder  bqcIi  ciTcuuistftnees 
luijil  fun  lie  rented  at  IjigUer  lutea  tliau  otlieiwiae.  and  eoiiNequentlv  KowaK''  "ater 
L'an  l)e  sold  at  muub  better  prices  to  the  irrigators. 

After  further   disetlssioii    of    the    wnveral    qOPBtiniis    presented,  the 
(.^inuiissiou  iin-iveil  iit  ttie  following 


CoNOLrHIOSt*. 

(i)  Tliere  is  no  legal  nuthorily  to  iicUuto  n  watercourse  and  to  create  and  main- 
tiiin  a  niiisunce  therein,  and  therefoi-e  ecnde  aewage  cuiinot  be  disiiharged  into  tbe 
1ms  AngeleM  river  or  an;y  other  uvailahle  streuni. 

(2)  For  this  reaaou  it  h  not  within  tbe  province  of  the  Commiaaion  to  consider 
im  outfall  sewer  to  the  river  not  fur  from  Ihf  city,  or  to  any  other  watercoiicsa 
within  reaiih,  without  making  provision  for  the  proper  piirifi cation  (if  the  sewage  at 
tlie  poiiil  of  diurharge. 

(3)  1(  the  aniiunl  i-ost  of  piirif.ving  tbo  sewage  bv  preiiipitatiun  in  capitalized  and 
ailded  to  the  oost  of  n  short  outfall  sewer,  ibo  tolal  exjiense  of  any  such  uiethod  of 
disposal  in  thin  loi>alily  is  far  too  e^peiixive,  and  tbe  (kimmi^Hioii  cannot  I'ecom- 
mi^nd  it. 

(4)  The  filtrntion  of  sewage  of  the  winter  mouths  iijioii  KtHi  acres  of  land  eilbiT 
near  the  Los  Angeles  river  or  the  Balloiia  creek,  is  more  exi>en»ive  than  the  coal  of 
an  ontfall  to  the  sea,  bnt  this  diffi'ri^nci^  is  not  so  greal  that  it  might  uot  be  bal- 
anced by  other  ooiiaiikiratioiiB  thnti  tlid  (jnesliou  of  cost. 

(5)  The  exi>en.se  of  taking  I'are  of  the  sewage  dnj'iuft  the  winter  months  may 
possibly  be  Imlanceil  liv  (he  ret-eipts  from  the  crops  iniseil  during  the  summer 
months,  but  this  coiiclniion  ilegiends  j^reatly  upon  the  skill,  intelligence,  and  in- 
legrity  of  Ihe  manage nicnl. 

{!'•)  Tbe  operation  of  flltiiktioti  areas  on  the  part  of  (he  city  would  oblige  it  to 
elder  directly  or  indirectly  inln  coiiiiielitive  busiiie.is  for  the  raising  and  Mile  of 
crops,  which  is  to  lie  looked  njton  wilh  disfavor. 

(7)  Tlie  owners  in  sevei-ulty  of  tliose  large  ari'ii.i,  whieli  by  reason  of  llteir  size  can 
alone  profitably  ri-eeive  the  amoudt  of  sewage  n]>on  which  the  present  estimate  is 
liiised.  refuse  to  enter  hito  any  engagement  to  lake  this  sewage  nniesM  the  city 
ginimLilees  liieui  jig;iiii-,l  uny  loss  resulting  from  liligalion, 

(8l  The  eiiy  can  give  this  gnarantee  or  can  guarantee  tbe  gpnetnl  public  against 
the  creation  of  a  nuisance  only  when  it  is  in  position  I'l  di-posi'  of  Ihe  sewage  prop- 
erly Hi  all  tunes. 

(9)  Other  things  lii'ing  eipml,  an  onlfall  to  the  sea  which  re'iiiii'es  a  minitniim  of 
Kji'H  iind  aliention  on  the  |mrt  of  Ihe  Tnnnicipalily,  is  (heivforc  lo  be  preferred. 

The  outfiill  sener  lo  Long  beach  along  the  Tios  .^ngfles  river  is  Ihe  most  ex- 
[lensive  among  the  sewers  pri'jec'fed  to  the  ocean, 

(111)  There  are  pros|s-elive  objections  to  the  disposal  of  sewage  nt  Long  bench  by 
«n  outfall  sewer  ahuig  the  rivi'i',  on  account  of  the  shoals  and  sloughs  prevailing  in 
that  locality,  and  eventiinlly  the  sewage  might  have  to  lie  removed  furlhcr  into  the 
i-cuan  by  pumping, 

(11)  The  oidy  two  remaining  lines  of  outfall  sewers,  namely,  to  ]ioiuts  lietweeu 
Hanta  Monica  and  Bedondo  l>eawh,  are  equidly  commendable  from  an  engineering 
|H)iul  of  view,  and  the  preference  l>etwceD  them  may  be  decided  on  the  gronnds  of 
cost. 

(12)  The  oiitfati  oewer  by  Ballona  ronte  is  the  clieaper  one,  and  therefore  move 
preferable. 

llB]  The  draining  of  the  Cienega,  and  incidenlally  improving  its  value,  may  be 
acoompliBhed  by  laying  tiles  in  the  same  trench  wilh  the  sewer,  which  tiles  can 
drain  into  Ihe  creek, 

(1*1  If  the  sewage  is  freed  of  its  floating  matter  by  wreena  placed  on  the  line  of 
tlie  sewer  neai'  the  coast,  none  of  it  I'an  drift  to  points  along  the  shore  and  there 
deposit. 
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(15)  By  eairylng  tlie  outfall  2,000  feet  into  tlin  ncean  from  Ibi'  alioi*  tmJ  It-ItiuK 
Ihe  Benago  escnpe  tweiity-flve  feet  below  low  wnler,  im  newnRc  will  be  tr.icenlile  in 
the  ocenii  water,  eveu  wilh  utroiig  ourrents,  at  a  iliftauc-c  of  one  ami  une-hoU  miltv. 
from  tlie  outlet,  aiid  a  chemical  nnnlyHis  will  be  niiublt)  to  tleteut  unj  ttaoes  of  wn- 
at!;e  at  a  Jihtauce  of  two  miles. 

(lli)  While  Los  Aiigelea  at  the  pi'csent  lilne  iWin'H  liu  iucortjo  fi'iilij  Ihe  aalo  uf 
its  sewuge  for  irrigation,  uiiil  fQu  presuuialjly  ilerivu  no  iueouii'  fnim  nueli  sounw 
whilst  it  is  obliged  to  solicit  laiidowneni  to  leceivL-  the  Hewn^e  uiid  In  giinraiitee 
the  usei'4  against  Iosh  by  liligaliun,  it  is  uuqueatiuuubly  u  fai't  thai,  with  nn  oiilfat] 
Hower,  the  city  will  be  jtlaoed  iu  an  inile|)emlent  (jositioii.  and  will  be  enabled  t« 
sell  the  sewttge  ut  nmiket  nites  to  those  who  desire  its  nse. 

(17)  The  income  from  the  sale  of  sewage,  eim«ut  rates,  when  the  |H>]jiilat ion  uf 
llie  city  reaches  200.000,  will  be  over  thi*e  jwr  cent.  i.>n  the  iuvCMtment  in  bnilding 
tlie  outfall  sewer, 

(18)  Iu  view  of  tlie  above,  the  Commission  ii^eommends  the  eonsli'Uclion  of  :>ji 
outfall  Newer  to  Ballonu,  with  |)ossibly  a  temporavy  redui-tiou  in  Ihe  cost  by  using 
a  wooden  flume  in  crossing  the  niui'shes  near  the  sea.  and  by  eimlniptiiig  for  the 
sale  uf  sewage  water  during  the  irrigstiau  seonuu. 

According  to  Btiiteiueiith)  mmie  in  October.  18'J2.  Iiy  Mr.  J.  H.  Dock- 
WL'iler,  the  present  City  Eut'iuecr  of  Lus  Aiifjt:k's,  tlit;  rity  fiunlly  votfil 
$3115,000  worth  uf  bouila  to  construct  thu  oiitftill  wcwcr  from  the  south 
west  corner  of  the  city  to  the  Piicitic  oceim,  a  lUstuucc  of  12  mih-s. 
This  sewer,  which  it  is  expectiMl  will  he  coinpleteil  diiriug:  1893,  hiis 
huen  !io  located  as  to  deliver  Mew.-ig'e  upon  the  Ijiiids  at  the  hiirli*-»t 
posesible  level.  Provision  has  been  made  to  anpiily  sewii^t!  from  this 
untfall  by  gates  and  hyilriuits  locateil  at  the  eouiniiuuliu^  points,  but 
the  landowners  will  be  ri'quired  to  make  their  own  arrangements  for 
conduits  to  their  lauds  and  for  distribution.  It  is  proposed  to  charye 
about  $3  per  acre  per  annum  for  the  ilsb  of  the  aewa^.  It  is  stated 
that  at  least  20,000  acres  of  sandy  soil  are  ava.ilidde  for  irrigntioti 
from  the  outfall  sewer. 

In  the  I'eport  of  the  State  Board  of  Health  of  t'alifornia  for  the  two 
years  ending  June  30,  1S90,  there  appeared  a  paper  by  Mr.  1>.  IJ. 
McGowan,  Health  Officer  uf  Loh  Angeles,  fivni  which  the  following 
extract  is  taken  : 

At  Ihe  southeast  angle  of  the  city  limits  this  water  (sewace)  is  Inkeii  by  the 
Siiiilh  Side  Irrigation  Oom|>any  and  conduclfd  throngli  a  2*J-incb  ceuieni  1'ip<'  n 
distance  of  sii:  miles  to  the  sandy  plains  lielow  the  town  of  Ploninoe.  Tbon);li 
eagerly  taken  at  Hrst  by  the  Chinese  market  gardem-i-s  fur  ii  rigating  and  I'Uvichiuif 
llieir  trnelr  palehes,  its  pitilon^ed  nse  has  been  fonnd  In  be  a  di^tiinient.  le>4>eniiiK 
the  productive  c|nalities  of  the  land  when  it  becomes  well  salnraled  wilh  lhes<>w- 
aa;e  mnttei^.  It  is  ii  tact  that  hinds  ujion  which  it  hat  lieen  used  constantly  for 
sevtiral  years  have  been  abandoned  by  their  cultivators,  or  it  hiis  been  neeessnrv  to 
pipe  pure  water  upon  them  to  liilie  the  place  of  sewage  (or  the  imrjiose  of  irriin- 
tioii . 


The  above  statements,  when  taken  in  connection  witli  the  prior  ex- 
planation of  the  abandonment  of  the  use  of  sewap"  from  the  ditclies 
of  the  Sonth  Side  In-ipition  Company,  lose  much  of  the  force  whick 
they  seem  to  have  by  themselves.     It  is  donbtless  true  that  the  lonil 
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was  oveillosed  with  sewfige.  and  it  is  qiiitf  luobiible  that  little  or  no 
jiropei-  attempt  at  a  rotHtioii  <»f  i  ruim  was  made.* 

Santa  Rosa,  CaUpobma. 

The  impnliitinn  of  Hautjt  Rosa  in  1880  was  'SfilG,  antl  6,220  in  1890. 
The  Santa  liosti  Water  Co.  built  water-works  in  1873.  A  few  streets 
■were  sewered  on  the  separate  plan  some  years  ago,  sewage  being- 
discharged  into  Santa  Itosa  ».Teek,  near  the  city  limits.  Complniuts 
of  pollution  of  the  creek,  followed  by  n  lawsuit,  led  to  the  purchiiae 
by  the  eity  of  between  18  and  19  acres  of  laud  about  two  mile»  fiom 
the  eity,  to  which  an  outlet  sewer  was  built. 

The  farm  is  leased  to  partieit  who  tnke  eure  of  the  sewage  for  rental, 
using'  it  for  gardeniufr  |uirposes.  The  city  can  tenuinnte  the  lease  at 
any  time.  The  yeai-  tlje  Eanu  was  put  in  operation  is  not  stated,  but 
it  was  used  as  early  as  1890,  and  probably  at  least  one  or  two  years 
earlier. 

A  slig;ht  rise  near  the  end  of  the  outlet  sewer  causes  the  coarser 
siiliil  matter  to  collect.  Ouce  a  day,  or  as  often  as  is  necessary,  agate 
is  opened  and  the  collected  matter  Bushed  out  into  a  pit  near  the  liank 
of  the  creek. 

When  not  useil  for  irrigation  the  sewage  Hows  i)n  to  low  land  near 
the  baJik  of  the  ereek,  ivhich  land  is  Bushed  at  high  water.f 

Helena,  Montana. 

About  one-fourth  of  the  sewage  of  Helena  is  used  for  broad  irriga- 
tion on  a  farm  omied  by  the  cily  and  leased  to  Mr.  A.  T.  Newbury  fur 
live  years  from  1890,  prior  to  which  it  had  been  leased  for  about  two 
years  to  another  party  whose  name  has  not  been  given. 

Helena  hait  a  population  of  3,624  in  1880  and  13.834  in  1890.  A  sew- 
erage system  wa«  put  in  operation  in  18H9.  Jim.  1,  1893,  there  were 
•2fi.5  miles  of  sewera,  receiring  no  rain-water  except  from  roofs.  There 
were  on  the  same  date  810  house  connections.  310  man-boles  witli  per- 
forated covers,  and  7(1  Field  Hush-tanks  disdiarging  evei-y  12  hours  225 
gallons.     O.  N.  Miller,  O.E.,  was  engineer  of  the  sewerage  system. 

The  end  of  the  outfall  sewer  connects  directly  with  the  distributing 
ditches  of  the  farm.  The  sewage,  when  not  used  for  imgatinn,  rims 
across  the  farm  into  and  through  two  ditches  extending  for  about  '21 
miles  to  Ti.'u  Mile  creek,  ii  stream  about  20  feet  wide  and  1  foot  deep, 

*  In  wMitioo  to  the  ■rtioln  in  BnK.  Ncwi,  vol  ini.,  pp.  ISS-6  (Feb.  ■■!&.  ISOS),  tbe  further 
•uuicf  nf  infumiiticiii  iii  reu&ril  to  Loo  AageleH  aewsgc  ilispoul  ii  &  ReixiiC  of  the  B'lar'l  of  Kii- 
ptle»^ti  upon  tht!  Dinpniial  ft  thi.'  Sewjijteaf  Loh  Angeliin  IHty,  knd  itn  Srwr-r  E^vfltnm,  pii-iieht^ij 
to  the  &1a\i)r  Anil  Cutincil  lA  tb«  City  iif  Liis  Ahij^Iha,  Ytt•^■.  ^-i,  IH8^. 

I  InfarmMiuu  furoislied  by  Newton  V.  Smyth,  city  I'liyinwi,  aiiil  J.  L   Jonlwi,  city  clock. 
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Tilt-  (.'ity  piiitl  $ti,H10  in  7  per  t-nit.  ImsuiIm  tov  i\n'.  40  aci'tis  of  laud  in 
uiudiit!  ill  tiiL'  faiiii,  wliicli  Iuik  vi.-iieivetl  stinji^'e  for  iiltout  four  ytiirs. 
The  fiirm  has  been  leasi^d,  tin-  leBsee  payiu}?  the  city  a  reatiil  of  ¥20(J  in 
fttbh  ;  he  is  further  tn  [ihint  100  trtta  mid  make  one  acr<'  of  hiWD  pwr 
yejir,  cariiifr  fur  the  trees  and  hiwii.  It  ia  said  that  thi.-  lesnee  raisea 
vegetableB  and  idl  kinds  of  nursi'iv  atiK'k  <>n  the  faiiu.  In  ».-(inm'i;tiou 
with  the  Btatement  made  below,  tliat  the  fanii  hiis  ui-ver  piiid  the 
iiiteroHt  oil  the  cost,  it  must  be  remeniliered  that  this  could  hardly  he 
expwted  from  tlie  usl'  to  whieh  thu  farm  seeitis  to  be  devoted  ;  nor,  for 
the  Slime  reason,  can  efficient  puriticatioii  throughout  the  year  be  ex- 
pected. 

The  sewage  is  distributed  over  the  fann  by  means  of  open  ditehen 
and  is  brought  to  the  phuits  by  Hooding.  It  is  utilized  only  iu  the 
growing  st'asou.     The  land  is  not  miderdraiued. 

The  above  information  was  giveu  by  Mr.  (iea.  K.  llecder,  fomierl.V 
city  engineer,  and  by  the  jireheiit  eily  engineer.  Mr.  Jas.  S.  Keerl.  Tlie 
following  additional  IWts  and  opinions  regarding  the  operation  and 
fiuceeflB  of  the  farm  are  given  substantially  as  furnished  bj'  Mr.  Iteeder 
in  -Inly  mid  September,  18'.)'2: 

The  sewage  is  only  utilized  in  the  gruwin^  eeasou.  During  the 
winter  months,  or  rather  when  the  ground  in  so  frozen  that  there  is  no 
absorption,  tlie  sewage  is  allowed  to  How  iu  the  natural  ohaniiels  upon 
the  surface.  Diinug  siime  portions  of  the  year,  even  when  not  used 
for  irrigation,  the  Kewage  BeiU'eeI\'  gets  across  the  tiehl  before  being 
absorbed  or  evaporated. 

Mr.  Reeder  states  that  the  farm  han  never  proved  a  source  of  im-ome 
to  tlic  city — in  fact,  it  has  never  paid  the  interest  on  its  cost— and  h.-is 
not  proved  a  success  in  disposing  of  sewage  thriuighont  tlie  whoht 
year.  Hi.s  opinion  is  thiit  the  soil  is  notsuitiiblefortliepnrpose.it 
being  a  gravelly,  sandy  loam  for  a  depth  nf  six  inches,  beneath 
which  is  a  bed  of  quite  impervious  clay  and  gravel.  The  land  may  be 
come  more  suitable  after  yeai-s  of  working.  The  city  authorities,  in 
the  lease,  have  vii-tuallv  turned  over  all  coutnd  of  the  sewage  to  the 
lessee,  and  tliiis  far  the  tenants  have  done  as  they  pleased. 

As  nearly  a-s  can  be  learned  from  the  aldermen,  the  iatetitiou  in  ei*- 
taldishiug  the  farm  was  ultimately  to  convert  it,  or  at  least  a  portiou 
of  it,  into  a  park,  sewage  to  be  supplied  to  the  frees  bv  means  of  po- 
rous tile.  It  has  also  been  pi-oposed  to  make  it  an  absnr|ition  farm, 
the  sewage  to  be  turned  on  to  one  portion  until  it  wouhl  absorb  no 
more,  then  to  another,  and  so  on,  each  portion  after  drying  out  to  lie 
turned  over  by  cultivation,  to  fit  it  for  a  uow  ilose  uf  sewage.  Thift 
wjis  to  be  done  irrespective  of  seasons,  and  crops  were  to  be  a  second- 
iiry  consideration. 


STOCKTON,  OAl-IFOKNIA. 
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Cheyenne,  WYomna. 

^gfartling  the  former  use  of  the  sewage  of  Cheyenne  for  irrijjii- 
tion,  the  following  iuforuiation  hits  been  furnished  by  Mr.  Fred  Bond, 
(iity  engineer,  uuder  date  of  Aug.  28, 1892  : 

The  sewajre.  direct  from  the  tsewer  outlet,  waK  discharged  direi'tly 
into  tlio  irrigiitiiig  ditch  of  a  private  ditch  owiit'r,  aud  mixed  thcrriii 
mth  water  already  in  the  ditch,  which  was  taken  from  the  creek  a  little 
further  up,  or  above  the  point  where  tlio  connection  with  the  sewer 
was  made.  In  this  way  the  creek  water  and  sewage  were  mixed  and 
carried  to  the  land  to  bo  iirigated.  The  party  using  the  sewage  did 
not  pay  for  it,  t)ie  obligations  between  the  city  and  himself  being  con- 
sidered mutual.  It  is  stated  tljat  the  sewage  was  so  used  for  seven  f>r 
eight  years.  The  sewage  is  now  discharged  into  the  creek,  about 
2,5(10  feet  below  the  point  where  it  formerly  entered  the  private  ditch. 

Cheyenne  had  a  population  of  3,456  in  188U  and  of  11,690  in  18!I0. 
Sewci^s  were  put  in  use  in  1883  on  the  separate  plan.  On  Feb.  20, 
IttlPl,  about  five  miles  of  S-  to  15-inch  vitritied  salt-glazed  sewer  pipe 
had  been  laid. 

The  use  of  sewage  for  irrigation  was  stopped  on  account  of  the  ex- 
tension of  the  outlet  sewer  to  ilischarge  at  a  point  below  the  ditch  of 
the  party  who  made  use  of  the  sewage. 

Stockton,  Califobxia. 

Provision  for  the  use  of  sewage  for  irrigation  has  been  made  at  Stock- 
t<jn,  California,  but  the  fact  came  to  our  attention  too  late  to  secure  ex- 
act information.  The  construction  of  a  sewerage  system  was  begun  in 
18:H,  under  the  direction  of  Mr.  George  .\therton,  city  surveyor.  The 
sewage  is  pumped  into  an  outfall  sewer  14  indies  in  diameter  and  two 
miles  long,  discharging  into  the  Stockton  river.  It  is  stated  that  at 
regular  intervals  on  the  outlet  sewer,  gates  are  placed  "  by  means  of 
which  the  property  owTiers  turn  the  sewage  upon  the  land  during  the 
dry  season  for  irrigation  purposes," 

The  population  of  Stiaktim  in  1890  was  14,424. 

In  reviewing  the  foregoing  information  in  regard  to  sewage  disposal 
in  tlie  extreme  Western  States,  two  conclusions  seem  fairly  iudicated, 
namely,  that  (1)  there  is  evidently  a  large  field  for  sewage  irrigation 
in  that  region  ;  and  (21  that  thus  far  a  portion  of  thi;  .sewage  irrigation 
.ittempted  ha.s  been  of  a  soraewhnt  unsatisfactory  character,  by  reason 
of  either  lack  of  attention  to  the  details  or  else  a  lack  of  thorough  infor- 
mation about  this  special  form  of  irrigation.  Both  of  these  ditHculties 
will  undoubtedley  correct  themselves  as  the  country  develops  and 
new  plants  are  put  in  operation. 


CHAPTER  XLV. 

MISCELLANEOUS  PLAKTS. 

In  order  to  inclutle  within  the  limits  of  one  volume  descriptions  o( 
all  the  sewage  puriflcatioii  plants  known  to  be  in  operation  in  the 
United  States  in  the  early  pait  of  18',)3,  it  in  necessary  to  touch  tightly 
upon  the  few  remaining'  works,  especially  as  some  of  them  were  put  in 
operation  since  the  manuscript  for  this  book  was  sent  to  the  printer. 


SUB-BIIBFACE  DiSPOSAI,  AT  LeSOS,  MaSSACHDHETTS.— OiJ>  AND  NeW  PlASTS. 

A  seweragfe  system  was  built  at  Lenox,  Massachusetts,  iu  1875-6,  with 
Col.  Geo.  E.  Waring:,  Jr.,  M.  Inst.  C.E.,  as  engineer.  The  population  nf 
Lenox  was  small  at  that  time,  having'  been  only  ■2,(»43  four  years  later, 
or  in  1880,  antl  money  ffir  an  outfall  sewer  to  the  river  was  uot  avail- 
able. A  combined  system  of  sub-sui-face  and  surfiice  inigation  was 
therefore  adopted.  The  outlet  sewer  emptied  into  a  combined  screen- 
ing and  Sueh  tank,  with  a  capiuiity  of  about  fiOO  cubic  feet,  from  which 
a  Rogers-Field  siphon  discharged  the  sewage  into  a  chamber  with 
two  outlets.  One  of  these  outlets  connected  with  some  lO.tHil)  feel  of 
sub-surface  irrigation  pipes,  and  the  other  to  a  surface  carrier  from 
which  the  sewage  flowed  over  the  top  of  the  gi-ound. 

The  sub-surface  pipes  gave  much  trouble  on  account  of  becoming 
clogged  with  grease  and  other  solid  matter,  necessitating  the  frequent 
ajid  often  continued  use  of  the  surface  carriers.  For  the  past  few  years 
settlement  has  been  eflected  iu  the  screening  tank,  and  the  sewage  has 
all  been  discharged  upon  the  surface. 

The  total  area  employed  for  both  sub-surface  and  surface  disposal 
was  only  about  IJ  acres,  which  soon  became  overtaxed.* 

Lenox,  as  is  well  known,  is  built  on  the  Berkshire  hills.  The  growth 
of  the  town  has  latterly,  it  appears,  been  away  fi'om  the  old  ilisposal 
area  on  another  slope.  In  1887-8  an  outfall  sewer  was  built  to  receive 
the  sewage  of  the  newer  portion  of  the  town,  and  a  new  disposal  area 
was  put  in  operation  early  in  October,  1888,  Mr.  E.  W.  Bowditcli,  of 
Boston,  having  been  engineer.  It  was  proposed  early  in  1893  to  pump 
to  the  new  outfall  sewer  the  sewage  from  the  district  tributary  to  the 
old  area. 

*  For  furtbm  dntails  (no  Col.  WatiDK'*  Scwnngc  uid  likod  DntluagV 
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Tim  uew  (lisposiil  iiroii  (Junsists  of  17  lu-.ien  ut  laiul  some  two  miles 
liom  the  villu-ju,  uii  a  quite  ste<;jj  hillside  neiir  the  Housiitouit  river, 
iiitij  whitli  the  etHiieiit  is  diHcharged. 

A  1'2-inch  uutfall  sewer  eutls  iu  u  eircular  well  iiroviJed  with  ii 
swinging:  gate  to  turn  the  aewuge  at  will  into  either  aide  of  a  settling 
tank.  Sewajre  is  drawn  fmm  the  top  of  the  settling  tank  to  a  pipe-line 
irounei;ting  with  six  wells  or  uiau-holes,  in  the  bottom  of  which  are 
thimble -shiiped  iron  stopper  gates  provided  with  lift  rods  extending 
to  the  top  of  the  miin-hole.  When  these  gates  are  shut  down  the  sew- 
age Hows  beneath  the  maulioles,  and  when  they  are  raised  it  flows  into 
them,  the  inHow  varying  with  the  height  to  which  the  thimble -shaped 
stopper  is  raised. 

From  the  man-holes  the  sewage  pauses  into  stone  drains  covered 
over  with  eartli,  by  means  of  Akron  pipe  laid  near  the  top  of  the  dniins, 
with  bell-joints  on  their  lower  ends,  through  which  the  sewage  eaoapes. 
There  were,  in  June,  1S92.  sis  of  these  drains,  each  some  300  to  400 
feet  long. 

Sludge  is  drawn  from  the  settling:  tank  to  &  pit  and  covered  with 
earth.  Mr,  T.  Post  took  charge  of  the  sewerage  system  iu  1888,  and 
has  remained  in  chai'ge  since  that  time.* 

Disi'osAL  UPON  Land  and  Sedimentation  at  Amheust,  Massachusetts. 

In  1881  the  college  town  of  Amherst,  which  in  1800  had  a 
population  of  ■1,G12,  first  conducted  a  small  amount  of  sewage  to  a 
settling  tank,  from  which  the  sewage  was  drawn  through  ditches 
on  to  laud,  aud  the  sludge  also  removed  and  applied  to  laud. 

In  1801  the  outlet  sewer  was  extended  and  a  settling  tajik  in  two 
compartments  built.  Mr.  Henry  Hastings  agreed  to  take  cure  of  the 
settling  tank  for  five  years  from  1801  for  the  use  of  the  sludge.  The 
clarified  sewage  flows  to  Fort  river,  about  520  feet  distant. 

About  one-fourth  of  the  sewage  of  the  town  goes  in  another  direction, 
and  is  used  for  broad  irrigation  on  a  tract  of  grass  laud,  which  has 
been  much  improved  by  the  sew  age.  f 

Disposal  on  Land  at  Greenfield,  Masbachiwetts. 

Since  about  1882  the  sewage  of  Greenfield  has  been  discharged 
on  to  a  piece  of  meadow  land.  The  outfall  sewer  ends  abruptly  on 
the  edge  of  the  meadow.  Some  pains  were  appareutly  taken  to 
distribute  the  sewage  over  the  luud,  but  in  Jime,  1892,  the  sewage 

■  Fnr  further  details  of  the  oli)  and  new  LcnoK  pIuiM  sea  Eag,  News,  toL  Txriit,  pp.  33  lUiil 
B3-4  (July  H  nnri  Jl,  IMftJ),  respeotively, 

i  For  ruither  detaiU  tea  Bug.  News,  t<j1.  iiyiii.,  p.  54  (Jnly  21.  1893). 
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was  eiitirely  without  foutrol,  tjome  of  it  grfing  on  to  the  meadow  and 
Home  iuto  a  small  brouk  leading  to  the  river.  So  far  &&  can  be 
learned,  the  owner  of  the  land  wished  and  secured  the  discharge  of 
sewage  upon  the  meadow  for  fertilizing  puiposea,  but  upon  his  death 
the  outlet  was  negleeted  and  has  ri'maiued  in  that  condition  since.* 

Mechanical  8Bi-AitATioN  ob  Filtkation  at  Liiadville,  Culukauo. 

The  sewage  of  Leadville  is  pa.sned  through  a  body  of  sand  and 
gravul  about  6  or  7  feet  deep  with  an  area  of  some  24  square  feet,  the 
effluent  being  discharged  into  California  gulcli.  The  disposal  bed  is 
ill  two  sections,  for  alternate  use,  Tlie  seweriige  syst.i'm  was  built  iii 
188{i  by  the  Leadville  Heweragu  Co.,  of  wliieh  C.  N.  PriiMy  is  superin- 
tendent. In  March,  1891,  there  were  40  sewer  roimeetioiis,  In  tlif 
spring  of  1892  the  yearly  cost  of  caiing  f<H'  the  ilisposal  bed  was  given 
as  Iii450.     The  population  of  Leadville  in  18111)  was  l(),834.t 


Mechanical  SEi'AR.vnov  at  Atlaniic  City,  Nkw  Jeiwet. 

The  system  of  purification  iu  use  at  .\thiutic  City  consists  of  an 
elevated  bed,  in  which  sand  with  hay  below  is  used  as  a  separating 
material,  and  from  which  the  eitineut  falls  in  small  streams  or  in  drope 
some  three  feet  to  gathering  gutters  which  lead  to  an  effluent  pipe. 
It  is  claimed  for  this  systt-m  that  filtration  is  supplemented  by  aeration, 
and  thus  that  greater  purification  is  secured.  The  rate  of  treatment  at 
Atbuitic  City  is  so  rapid  that  only  partial  mechaniiral  filtration,  or 
straining,  can  he  expected,  and  this  is  all  that  is  elainjcd  for  the  plant 
by  its  superintendent. 

Atlantic  City  is  a  well-known  seaside  resort  which  has  many  visitors 
in  the  winter,  but  a  iiiucli  larger  number  in  the  summer.  Its  popula- 
tion in  .Tune,  1890,  was  13,05.5,  against  5,477  in  1880.  It  is  sitid  that 
during  the  height  of  the  summer  season  as  many  as  150,000  people  are 
to  be  found  in  the  eity  on  some  Sundays, 

The  sewerage  and  sewage  dis])osal  systems  were  built  in  1885  by  a 
private  company,  and  are  now  owm-d  and  operated  by  the  Atlantic  O'lty 
Hewerago  Co, 

All  the  sewage  at  Atlantic  City  is  pumped,  the  pump-well  being 
hieated  in  the  pumping  station  and  being  ventilated  to  the  cliimnny. 
Features  of  both  the  pumping  plant  and  filter  beds  are  covered  by 
patents,  and  the  method  of  disposal  is  called  the  "  West  system"  by 
the  owners  of  the  patents,  the  National  Sewerage  and  Sewage  titiliza- 
tion  Co.  of  New  York  City,     It  is  only  fair  to  add  that  acomjtaratively 

•  Sw  Bng.    Nomi.  «o1.   icxTiii.  p.  IIW  (Sept.  1,  ISHa),  (or  utditiontl  built  irgkiding  Mwaft 
difposal  at  (IrL'oniieljd. 
I  One.  News,  roL  xiix,  p.  63  (Jui.  1!>.  ims]. 
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bIow  rate  of  filtrutioii   was  the  design  of  the  patentee  of  the  sys- 
tem. 

The  daily  newage  pumping  reeoids  for  the  yenr  eniling  November 
30,  1892,  illustrated  by  tiiagrams  and  analyzed  in  detail,  are  given  in 
Chapter  VII.,  "  Quantity  of  Sewage  and  Variation  Rate  of  Flow."  * 
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Electkical  Treatment  at  Bilewsteiw,  New  York. 

Brewsters  is  a  sniall  village  in  the  Crotoii  watershed,  abont  Ri 
miles  from  New  York  City.  To  prevent  polUition  of  the  New  York 
water  supply  the  Department  of  Pabliii  Works  has  built  some  sewers 
m  the  village  and  caused  a  plant  to  be  erected  for  the  treatment  of  the 
rtewape.  Salt  and  water,  at  the  rate  of  161)  llis.  of  the  former  to  1,000 
gallons  of  the  latter,  is  subjected  to  an  electrical  cuneiit  of  about  70(1 
amperes  and  5  volts,  the  curi'eut  passing  through  a  positive  electrode 
of  copper,  plated  with  phitinum,  and  a  negative  electrode  of  carbon, 
both  immersed  iu  the  brine.  The  electrically  treated  soUition  in  dis- 
charged directly  into  the  outlet  sewer,  through  which  it  flows  for  a  few 
hundred  feet  to  a  series  of  trendies  iu  meadow  land,  perhaps  50ft  feet 
fi-om  the  east  branch  of  the  Crotoii  liver.  The  treated  sewage  soaks 
off  into  the  ground  as  best  it  can.  The  salt  used  costs  about  ti  per 
ton.  Tiie  power  to  drive  the  dynamo  is  furuished  by  a  20-H.  P.  hori- 
zontal boiler  and  a  15-H.  P.  engine.     The  dynamo  is  4-H.  P. 

The  volume  of  sewage  is  very  small,  being  that  derived  from  some  :J6 
buildings,  and  no  definite  figures  regarding  the  operation  of  the  pliuit 
are  available.  The  plant  was  built  by  the  Woolf  Electric  Disinfect- 
ing Co.,  of  New  York  City,  and  was  dei-ised  by  Albert  E.  Woolf,  also 
of  New  York.  The  contract  price  was  85,000,  which  the  contractors 
claim  is  below  the  actual  cost  of  the  plant.f  It  is  reported  that  the 
trenti'd  liquid  is  disi'harged  into  the  sewer  at  the  rate  of  1  part  to  llKl, 
whieb  with  a  solntion  of  the  strength  stated  above  is  equivalent  to 
1,(100  lbs,  of  salt  to  1,000,000  gallons  of  sewage. 
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Chemilal  PnEtn-iTATiON  AT  Canton,  <^hio. 

The  accompanying  plan  and  sections,  Figs.  Ill  and  116,  show  the 
general  features  of  the  works  at  Canton,  which  were  put  in  operatioa 
about  May  1,  1893.  Chemical  precipitation  works  were  recommended 
by  Samuel  M,  Gray.  M.  Am.  Soc.  C.E.,  in  March,  1887,  who  also  pre- 
pared plans  for  the  works.  The  plant  was  tiually  constructed  after  the 
detailed  plans  of  Mr.  L.  E,  Chapiu,  Assoc.  M.  Am.  Soc.  C.E.  Tht- 
tanks  are  operated  on  the  continuous  plan,     'i'he  chemical  mixers  and 

•  The  KbovB  U  rutmuUil  f™m  Bng.  Nawe,  vol.  xxix..  pp.  1S3-*  (Fob.  9,  1803). 
tSeo  Bng.  New*,  vol.  in.,  p.  41  (Jul;  13,  IHa»), 
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Pig.  114.— Plan  op  Chsmiuai.  Pbecifitatioh  Plast,  Gaston.  Ohio. 
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■(hidge  compreBsiug  machineiy  were  furnished  by  the  Bouuot  Co.,  of 
(Jautuii.  The  populntioii  of  Canton  in  1890  wa.s  26,189,  In  the  aprinp 
of  1893  about  IG  miles  of  sewers  onA  some  1100  house  coianections  were 
in  use.* 

Chemical  PBE<.:nTrATioN  at  Chautauqua,  New  York. 

In  the  Bumiuer  of  1893,  works  were  put  in  operation  for  the  treat- 
ment  of  the  sewage  of  C'hautaiiqiia,  the  wellkuowu  aummer  resort  on 
the  lake  of  the  same  name.  There  ai'e  four  aettliug  tanks.  The  ehem- 
ieal  mixers  and  filter  preaseB  were  made  by  the  Bonnot  Co.,  of  Oantou, 
O.  Early  in  August  the  sewage  of  5,000  people,  some  130,lXtO  gallons 
per  ilay.  was  being  treated,  with  a  resultant  pressed  sludge  of  2,50(1 
pounds,  of  whieh  40  per  oent.  was  water. 

Samuel  M.  Gray.  M.  Am.  Hoc.  C.E.,  Providence,  B.  I.,  was  engaged 
as  consulting  engineer  fur  the  plant,  and  under  his  direction  compet- 
itive plans,  with  proposals  for  construction,  were  received.  The  con- 
tract was  awariled  to  Wm.  B,  Laiidreth,  M.  Am.  Soc.  C.E.,  .Jamestown, 
N.  Y.,  who  built  the  works  after  the  designs  submitted  by  him,  Thoe. 
McKenzie,  Jun.,  Am.  Soc.  C.E.,  acting  as  constructing  engineer. 

Chemical  Pkecii'Itatios  at  thi>:  Wobld's  Columbian*  Exi'oamoN', 

Chicai!o. 

The  sewajfe  of  the  World's  Columbian  Exposition  of  1893  was 
treated  by  the  German  vertical  tank  system,  the  plant  being  modelhid 
directly  after  that  at  Dortmund,  designed  by  Karl  Kinebiihler.  Fig. 
116  shows  a  combined  section  and  elevation  of  the  tanks.  The  sew- 
age is  forced  to  the  elevated  central  ivceiviiig  and  distributing  tank 
by  means  of  Shone  ejectors  stationed  about  the  Fair  grounds.  From 
the  distnbuting  tank  it  passes  to  either  or  all  of  the  four  precipitating 
tanks,  receiving  sulphate  of  alumina,  or  copperas,  and  lime  on  its  way. 
The  alumina  or  copperas  is  mixed  with  the  sewage  by  means  of  a  re- 
voh-in^  screw  placed  in  a  special  casting,  as  shown  by  the  illustration, 
and  the  lime  by  the  core  mixer,  also  shown  in  the  ilhiatration,  Fig.  116. 
Different  chemicals  and  different  amounts  of  any  <'heniical  can  he  used 
at  the  same  time,  and  the  results  noted  by  moans  of  the  frequent  chem- 
ical and  bacteriological  examinations  which  are  being  made. 

The  sludge  may  be  drawn  otT  while  the  tanks  are  in  operation, 
through  the  sludge-pipe  at  the  bottom  of  the  tanks  to  one  of  three 
sludge-tanks,  each  i  feet  in  diameter  and  8  feet  high,  giving  a  Capacity 
of  about  100  cubic  feet.     The  sludge  is  forced  by  means  of  compressed 

*  For  ailiiitlonal  iiiformati'in  hv  Bug.  New*.  ToL  iiii.,  pp.  ASO-I  (June  1.  IW<1).  ftnd  ntl  XUL, 
pp.  80  and  HI  (Joly  "W.  181«1. 
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air  into  one  of  two  filter  presses,  made  by  Perrin  &  Co.,  Chicago.  Each 
press  has  50  cells.  36  inches  iu  diameter  and  1}  inches  through,  and 
each  sludge-cake  weighs  about  47  pounds,   or  each  pressful   about 


Fia,  lie.  — Elevatior  and  Sbction  op  Bbcbivimo  anh  Pmciii'tTSTisc.  TrtNKB, 
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2,350  pounds.     The  slud^re  is  bnmed  in  iin  Eiigle  parhage  crematory, 
near  by. 

The  plant  was  put  in  operation  April  14,  1893,  and  so  far  as  the  rec- 
ord is  available  treated  sowao-e  as  follows : 

Month  of  May 940.000  pallons  per  day. 

"  June l.G3li,0UU        "  "      " 

Fii-st  three  weeks  iu  July  .  2,250,000         "  "      " 

Thfl  cost  of  ohenncftls  until  >Tnly  I  "as  at  the  nite  of  about  ?S  per 
1,000,000  gallons  treated.  The  plant  in  operated  in  eio-lit-hour  shifts, 
ut  engineer,  tiroman.  prcsamau,  clieniii-al  man,  and  two  laborers  in  tlit' 
moniinp ;  the  same,  less  the  two  laborers,  in  the  afternoon  ;  and  again. 
\(iHH  the-  laborers  and  pressman,  at  niifht. 

Thy  plant  cost  from  $30,000  to  ii3:),00a,  evohuline  the  building.  It 
was  bnilt  nudi-r  the  direction  of  \V.  H,  Mi-Harg,  Engineer  of  Water 
Supply.  Sewerage,  and  Fire  Protection  of  tlie  Exposition,  and  iti  run 
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Tuider  the  supervision  of  Allen  Hazen,  Chemist  of  the  Lawrence  Ex- 
periment Station  of  the  Massachusetts  State  Board  of  Health.* 

Purification  Works  Under  Cokstkuction. 

In  addition  to  the  works  described,  plants  are  known  to  be  under 
tiOQstniction  as  follows  ;  Meriden,  Connecticut,  intermittent  filtration, 
witli  Carrol  Ph.  Bassett,  M.  Am.  Soe.  C,E.,  engineer ;  Brockton,  Massa- 
chuHetts,  intermittent  filtration,  F.  H.  Snow,  engineer ;  Princeton,  New 
Jei-soy,  Professor  C.  M'Millan,  engineer.  There  are  also  a  number  of 
places  where  plans  of  sewage  disposal  works  have  been  prepared,  but 
where  no  action  has  yet  been  taken  towards  beginning  construction. 

Plans  have  been  prepared  for  the  following  towns  in  Kew  York  state, 
on  which  constmctiou  is  likely  to  begin  in  the  course  of  a  year  or  two : 
The  village  of  Far  Bockaway,  J.  J.  Powers,  engineer;  the  Twenty- 
fourth  Ward  of  the  City  of  Brooklyn,  Bobert  Van  Buren,  M.  Am.  Soc. 
C.  E.,  chief  engineer ;  the  villages  of  Holly  and  Albion,  Waldo  and 
Dodgson,  engineers,  Geo,  W.  Rafter,  M.  Am.  Soc  C.  E.,  consulting 
engineer.  There  are  also  several  public  institutions  in  different  parts 
of  the  United  States  where  something  has  been  done  in  the  way  of 
sewage  purification  plants,  but  which  are  not  referred  to  for  the  reason 
that  so  far  as  known  to  the  authors  the  plans  do  not  involve  anything 
of  special  interest  over  what  has  been  already  given. 

*  For  kdditioDal  iafonnatioii  and  iUnatntioiu  (M  Bng.  Nens.  toL  xii.,  p.  BB  (Aug.  S,  IHSS). 
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APPENDIX    I. 

The  following  is  the  Eu^liBh  Rivera  Pollution  Prevention  Act  of 
1876,  under  the  provisions  of  which  the  large  number  of  purification 
works  constructed  in  that  country  during  tlie  last  fifteen  yeara  have 
been  carried  out. 

(39  and  40  Vict.  chap.  75.) 
AIT  ACT  for  nuking  tDrther  ProTuion  for  the  Pnrention  of  the  Pollution  of  Rivera.    (15th 
AngDit,  ISTfl.) 
WhereftB  it  io  expedient  to  laake  farther  proTivion  for  thi?  prevention  of  the  pollution  of  riven, 
•nd  in  putionlor  to  prevent  the  i^itabliahment  of  new  sources  uf  pollution  : 

Be  it  therefore  enacted  by  the  Queen's  most  Eicellent  Msjenty,  by  and  with  the  advice  Mid 
ooQientof  the  Lorda  Spiritoal  and  Temporal,  and  I'nnimoni,  in  thia  prewmt  Parliament  aiuwm- 
blod,  and  by  the  anthoiity  of  the  aamef  aa  follows  :— 

1.  Thia  Act  may  be  cited  for  all  purpose*  aa  the  Rivera  Pollution  Prevention  Act,  187& 

PART  L 
SoLln  Hatterk. 

3.  Every  peraon  who  pnta,  or  oanaea  to  be  put  or  to  fall,  or  knowingly  permita  to  be  put  or  t« 
fall  or  to  be  oarried  into  any  atream,  ao  aa  to  either  aiugly  or  in  combination  with  other  aimilar 
■Ota  of  the  same  or  any  other  peixon  Co  interfere  with  its  due  flow,  or  to  pollute  ita  watera,  the 
BoHd  refuae  of  any  mauufaotory,  inanafaotiiring  procoaa  or  quarry,  or  any  rnbbiah  or  cindera,  or 
any  other  waate,  or  any  putrid  solid  matter,  shall  be  deemed  to  have  committed  an  ottetice  against 
thii  Act. 

Tn  proving  interference  with  the  due  Sow  of  any  atream,  or  in  proving  the  pollution  of  any 
atream,  evidence  may  be  given  of  repeated  acts  which  together  oanse  such  interference  or  pollu- 
tion, although  each  act  taken  by  itself  may  not  be  sufficient  for  that  purpose. 

PART    II. 
SEWkOB  Pollutions. 

9.  Everj  penon  who  cause*  to  fall  or  flow  or  knowingly  permita  to  fall  or  flow  or  to  be  oarried 
into  any  atream  any  solid  or  liqaid  aewage  matter,  nhall  fsubjeot  aa  in  thia  Act  mentioned)  be 
deemed  to  have  committed  an  oflenoe  against  this  Act. 

Where  any  aewage  matter  falls  or  flows  or  is  carried  into  any  stream  along  a  channel  used,  con- 
atmcted,  or  in  process  of  conitmction  at  the  date  of  the  passing  of  this  Act  for  the  purpose  of 
conveying  such  sewage  matter,  the  person  caaaing  or  knowingly  permitting  the  sewage  matter  ao 
to  (all  or  Sow  or  to  be  canied  shall  not  be  deemed  to  have  committed  an  ofTence  againit  this  Act 
U  b*  ahowa  to  the  aatiafaction  of  the  oonrt  having  DOgniianoe  of  the  oaae  that  he  ia  uaing  the  heat 
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pr&ctto«bIe  ftdd  nvtilable  mpftiii  Ui  rrnilvr  Tiumleu  Uia  f«w&go  tnattor  io  falling  «r  fiowing  or  cat- 
riuil  into  tlie  ntrcaru 

Wht-ro  tbf^  Local  Gttvernmoiit  BoKTiljire  xstinfiail  tftcr  Imal  inquiry  that  fnrtlier  tinie  onght  loba 
grppntcMl  to  kkay  ftuQll:&r>'  (kiithin  ity  whjch  at  the  dntc  of  the  panhirig  of  thin  Act  ia  liinobnTfiJii^  «cw- 
H^Q  m^tttLT  into  any  PtreamH  uc  itermUtiag  it  Io  be^o  'liBthar^'ird,  by  any  micb  L'humul  at  tifotesttid. 
for  Lho  piirpoao  of  cixabliag  snob  auCburity  lo  aduptr  tbc  bent  prai;ticjib)e  ami  ikviulubb:  mrAnH  tur 
renUering  liArmleait  miuh  huwanso  matter^  tho  Local  '■ovbTELmeat  Bunnl  nmy  bv  oidei  d«t;Ura  tJui 
thja  Beution  ahull  Bot,  ho  far  oa  rt^rdA  cbe  rU&chargu  of  auch  duwoga  miktter  by  mch  cbuLnrl,  bo 
i"  opvtntion  until  tha  eTtjiiration  of  a  piriod  to  }>e  Umitctl  to  the  nider- 

Aoy  Older  mjtdt^  nnJci  tbifl  xt'ctinii  may  lio  fmm  time  to  tiinf  renrwed  by  the  LociJ  Govtm- 
nient  tl<».4id,  siihji^ct  to  aiicb  t^oTLditiims.  if  any.  tut  they  may  hcc  lit 

A  pprBou  othtr  tJinii  a  gamtAry  authority  nhall  not  be  guilty  of  au  ufToniK  under  tliii  soctioii  lu 
rejpf'et  to  tba  pauing  of  Kwiigo  matter  into  h  Ktr'-'am  aiimj^  a  'JraJn  euinrauhti^atinf;  with  any 
pfiwnr  belon^-inj^  to  or  iiniicr  the  i^untrtjlof  any  Aanitary  aatbnrity.  provided  he  hoM  the  umotioa  of 
tbe  ianit^ry  authority  for  so  duiu^. 

PART  in. 

HAlfrFACTURlNIl   AND   MTNIVn  PoLLirTIQN& 


4.  Every  penon  nho  oatiReu  to  foil  or  flow  urknqiwingly  permitb  to  fall  or  flow  ot  to  be  duricd  into 
Any  fltream  any  pflL*onuii(^  mixiouit,  or  i>olluting  liiiuid  prixteeding  froni  any  factory  or  mauii' 
faatufjng  prooetis,  shall  (hnbjeet  oa  in  (hi*  Ai'^  meDtiimi'd)  Ih.-  deemed  to  havu  uommitted  anoAbooe 
a^in«t  tbiB  Aut. 

Whefe  any  nueh  poiHnoqi.  nojcious.  or  pollritin^  liquid  as  HfoTeMid  fidU  or  Bowa  or  u  earned 
into  liny  btream  along  a  trbaunel  uacd.  t-Minntruded,  or  in  proi-vfln  of  t-^mHtruutiun  nt  Ihe  date  uf  iha 
piuMns  of  thiF(  Ai't.  t't  any  new  eliannr^l  cnnFtrui^ted  in  bubAtittttion  theteuf,  aiid  havbjj!  it*  iiut- 
fall  at  the  name  "(put,  fot  the-  purpose  of  ciMivuyini{  <^i^uh  liquid,  the  person  cnuMng,  or  knowiu^Jy 
permitting  the  pniBon^PUfl,  nuxiuuA.  or  poibitiDg  liquid  mi  to  fall  or  flow  or  to  bo  curriwl,  ubaU  ni»t 
be  di-emed  to  hatfi:  emnmitted  an  ulTenue  a^aiuHt  this  Aet  if  Lu  nhowA  to  tbe  aatJ«ractioa  of  the 
oourt  having  cognizance  of  tbe  ciue  that  ho  i^  using  tbe  bent  practicable  and  reaaonahlv  available 
mi-atiH  to  runder  hrimiless  tbe  poiHOnons.  noxiriitA,  or  polluting  liquid  so  fallmg  ur  H'lwiog  or  car' 
rje<]  into  the  streamr 

a.  Ev*r>'  person  who  cansm  to  full  or  flow,  or  knowingly  pormita  to  fall  or  flow,  or  to  he 
carried  into  any  Htrt'am.  ariy  soUd  matter  from  any  mitic  in  such  quantities  ns  in  firejudiqially 
intuirfero  with  its  due  flow,  or  any  poisonoiiB,  noxious,  or  polluting  »plid  or  liqaid  matter  |»n>- 
eceding  from  any  mine,  other  than  water  in  the  uimo  condition  A^i  tbnt  in  which  it  has  been 
■Icsined  or  taised  from  tui^h  mine,  ahall  be  deemed  to  hare  committed  an  ofTeuce  agkiiut  tbii 
Aut.  uuleH?<  ill  the  cute  of  i>oLiionDiis,  noxious,  or  poUntmg  matter  he  shows  to  the  satisfaction  of 
the  curort  having  eognizanco  of  the  oaao  that  he  is  using  the  be»t  practicable  and  reasonably  avail- 
able meaofi  to  render  hanule's  the  poisonoas,  noxious,  or  polluting  matter  bo  falling  or  flowing  or 
carried  into  the  stream. 

0.  Unless  and  until  ParliHnent  othcrwmo  provides*  the  following  onaotment  shall  bake  effefllv 
proceedingH  bhaU  nnt  be  taken  againnt  any  person  under  this  part  of  this  Aet  s4ve  by  a  sanitary 
authority,  nor  shall  any  such  proL-ei'ciings  bo  taken  without  the  conHent  of  the  Local  Government 
Board:  Provideii,  always,  tbat  if  the  sanitary' authority,  on  tbe  application  of  any  pcr*OD 
lUtereAted  alleging  an  ofTuuco  to  have  been  committed,  shall  refnee  to  take  prnoeedingR.  of  apply 
for  tbe  consent  by  thih  «(?ction  provided,  the  prrnon  so  interested  may  apply  lo  the  boctal  (lovam- 
ment  ftimrd,  and  if  that  Board,  on  inquiry,  is  of  opiniua  tbut  the  Hanitarv  authority  should  takv 
proceedingii.  they  may  dirirot  the  unitary  authority  accordingly,  who  iiball  thereupon  commenoo 
proi:eedings. 

Tbe  said  Board,  in  giving  or  withholding  Ihelr  consent,  shall  have  regard  lo  the  industrial 
jnteresti  invnlvpd  in  the  case,  and  Xn  the  eireumfitanctn  and  re€]ijirem';iitJ»  oF  the  bicaljty. 

Tbe  said  Board  ebaM  nut  give  their  ennscnt  to  procpr<lingH  by  tbe  satiitary  anthnrity  of  mttf 
district  whicli  is  tbe  teat  of  any  nmmifACturing  industry.  unle«4  they  are  sati»<Eird,  aft^t  duM 
inquiry*  tbat  means  far  rendering  harmle**  th-  poisonous,  n<i]ri<^fn»,  or  [mUutirg  liqujiis  procreail' 
ing  from  tbe  processes  of  such  manufacture*  arc  ruaaouablf  praetieablo  and  nvHilablfl  under  all  tiu 
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flircnmfeUDOn  of  ihe  cmo,  and   tlist  no  materinl  injury  will   be  iaSicted  bj'  Hiioh  prooeerline* 

iin  the  iiit«re«t«  uf  nuoli  mduatry. 

An^  [Hfraon  within  Ruch  dij^Ldcb  w  arnr^Haiil,  o^Min^t  wUum  irruvecdinga  Bie  proponed  to  be 
tflJuii  iuiii«r  Uiift  purt  uf  thin  Aol.,  Ahftl!,  uot^ittiatikinTLDg  atiy  tiooncnt  uf  tht-  Li>i:a]  Guvfrrjmout 
Bo^rcJ,  hv  a.t  liberty  to  object  btfuro  the  mnitary  ai^ibority  to  «ijch  proceedings  bejnf;  tak^'n,  and 
flucii  aiitboLity  Rlmll,  if  nri^uirf^d  ia  writing  by  hui^Ii  iwrMon,  alTord  bini  mi  opportunity  of  hciag 
ht?4rd  H^a-inut  nacli  pi'oceodin^A  lioing  U^kt-n^  ho  far  au*  the  Bdine  ri?lat«  to  Iiifl  workM  of  tiiuuufactur- 
inK  pniucAfleij-  The  narutury  &uthunF,y  flh&ll  thercnpon  ^Untv  hucJi  j-ciaoii  to  be  heard  by  hJiuBclf^ 
agvntii,  And  witneaaui,  nnd  aftor  iT>qniry,  such  autboriby  tihall  dettrmiuc.  having  regard  to  oil  the 
ooiiflLdi;raLion»<  to  wbtch  the  Li-cal  Govtmmcnt  DoAid  arc  by  thin  »action  directi'd  to  have  n-ijard, 
wLeiher  Hnch  protieedingB  ns  ufortwmi  nhall  ur  ■haJl  not  bt  taken  ;  und  where  any  Euph  tanitary 
utLtbority  hjut  taktn  firod-cdingn  nndcr  thiA  Act.  jt  ftliall  not  be  compett^nt  to  otb-T  AUiibnrj 
aLithtjritlPB  to  take  proetciUngh  laidcr  thJA  Aut  tdl  tbt  pjuty  a^ainat  whom  tmeh  prooeiKlinga  ara 
intended  Hhall  bavd  failed  in  TflaHonaUti  time  to  carry  out  the  order  of  aoy  oompotent  court  und«i 
this  Act^ 

PART  IV- 

AlrMIMsTIUTlON, 

7.  Every  Ranitary  or  othef  \oc-A  authority  having  aeweni  under  tbeir  nontrol  shtdl  give  facilttiBfe 
fur  enabTJng  nianufactnT«j<  wilhin  th'ir  dietHut  to  carry  the  liquidn  pTocecdin^  ^m  tlicir 
factorica  or  manufacturing  piuuenhi^  into  Huoh  tifwcrf  : 

Provided,  that  this  iKwiion  ahall  not  extend  to  eompeJ  any  uinitary  or  other  lucaJ  autbtjrity  to 
ailniit  into  theu  tt-wiTB,  any  liquid  which  woidd  prejudicially  uflbot  Huch  Bewere,  or  the  diapoaal 
hy  Hale,  app]icaTic<D  to  land,  or  otherwiui,  of  the  4owa|>t.-  iimtti^ci  ronvi^vcd  alotig  aneh  aewera,  or 
vthiL-h  wooM  From  ita  tt-'n^ptrAtiue  or  otherwise  lie  injuriona  in  a  sanitary  |K>mt  of  view  :  Pro- 
Tidtd,  aldo.  tbat  III  Hanitai'y  authority  shall  l>c  required  to  give  hucIi  faciiiUet  u  aferrHaid  whrrro 
the  svwora  of  nach  authority  are  only  auffiaient  for  the  rcquircmentfl  of  their  district.  Qur  whfn 
itneh  f]i<:iliticH  would  mterfere  with  tay  order  of  any  oourt  oE  eompetent  joriadiotjun  reapectiog 
the  Bf'wiige  pf  such  authority. 

H.  I^vvry  fianitAry  authority  bIibIIh  auViject  to  the  rtHtriotionei  in  thih  Act  containt-d,  have  power 
to  eafoTCfl  the  pioviaioni  of  thin  Act  in  relution  to  any  atream  being  within  or  paaxiag  through  or 
hy  any  part  of  their  liiiitrict,  and  foi  that  parpoae  to  inalitute  proceedinga  in  reapect  of  any 
ofTonoc  againut  thin  Act  which  cantos  inttrferenco  with  the  due  flow  within  their  district  of  any 
n\ich  stream,  against  any  other  nntdtarj  authority  or  ptraon,  whether  aueb  olTencb  ia  0OJninitt«d 
wTthin  Of  without  the  diatiict  uf  the  firHt-uaratd  sanitary  authority. 

Any  eTpcfiftCB  incurred  by  a  aauitary  authority  in  the  execution  of  this  Act  ehall  be  payable  aaif 
they  wBroexpenneb  properly  incurred  by  that  authority  in  the  e^eoution  of  the  PuhUu  Health  Aot, 

ProceeilingB  may  alao.  lubjeet  to  the  roatriotiona  ia  this  Aot  contained,  be  liutituted  in  reapeot 
of  any  ofTei^ce  against  tbia  Act  by  any  penon  aggrieved  by  the  oommiaBion  of  lueb  otTenoe. 

'X  The ConHTvancy  Board  constituted  under  the  Lee  Conaervaney  Act,  IHH8,  ftbalL,  within  the 
area  of  their  jnriadiction,  hare,  to  the  exclusion  of  any  other  authority,  tbo  power*  for  enforcing 
the  proviaiurm  of  this  Act  whieb  fiatiitary  authoritiea  have  under  thia  Act. 

The  eqid  Conservancy  Board  may  alao  enforiiet^ie  proviaionn  of  the  Lee  Connervancy  Act,  1808, 
under  the  hoa^l  or  division,  "  Protection  of  Water,"  by  appUcatinti  to  the  e^mnty  court  having 
juriadietiou  in  the  place  in  whii^h  nny  ofTeTiee  ja  committed  ogainat  thone  ]>rovi4iuiia:  and  auch 
court  may  by  anmmary  order  leqitire  any  peraon  to  abfttain  from  the  eommiaHtun  of  any  aueh  of- 
fence, and  tht;  provisioua  of  thin  Act  with  respect  to  snmnmry  orders  of  uounty  courta  and  ap|ieal 
therefrom  shall  apply  accordingly. 


LEGAL  PftOCEBDINGS,    SAYING  CLAUSSa    DEFINITIONS, 

(I)  Leoal  pHocEFniNr<a, 

10.  The  county  court  having  jurUdiut'on  in  the  place  where  any  olTdnre  a^unt  thin  Act  ia  com- 
mtttod  may  by  inmmary  order  require  any  person  ti  alwtain  from  the  oninmiBa'nn  of  fluob  ofTenco, 
and  where  aacb  offence  oonftista  to  debult  to  perfomi  a  duty  undvT  this  Act  may  require  bim  to 


572 


APFKND1C£S- 


perfomi  auoh  daty  in  muiDer  in  tJie  abicJ  order  specified  ;  the  court  may  insert  in  my  order  hnuh 
tiuiidjtiou  lu  to  tbti  time  ut  miidc  of  Actiou  u  it  may  t^iak  jiut.  aud  may  Bijapecd  or  rirBciitfl 
mny  order  on  aucb  nndcrtaking  beiirg  j^i%'pn  or  oonditiou  Ining  pprformi^d  u  it  may  think  just,  Ao>t 
yenf-rjUIy  mfty  give  nnch  dLrccbionn  Cor  carrying  into  efTtct  any  order  aa  lo  the  i:<iiirt  aeeiuH  meel 
Preriooa  to  gmritiug  Huch  urdur,  thv  court  may,  if  it  think  fit,  remit  lo  skilled  parties  to  report  on 
the  '^  be^t  practicabk  and  avalljtble  Tiioann,'^  and  tho  nature  and  coat  of  the  worka  and  apparatiiit 
re(|Hired,  who  fihall  in  alJ  oaiiea  takt  into  ootiHldemtiuit  the  nawjoabloneu  of  the  exptnie  involved 
in  their  re[>ort- 

Any  pt-y*'Hi  making  defwdt  in  oomplyinf;  witb  any  requirement  of  an  order  of  a  county  i;ourt 
made  in  pnrauaiice  of  t!iU  section  i^IihIC  pay  to  tJie  ptfrwm  complaiidiig,  or  tiuuh  other  peivon  oh  iJje 
i^nurt  may  direct,  nueh  snm,  not  c^i<ecJin^  lifty  |ioimda  a  day  for  every  day  during  which  be  ia  in 
di^Fault,  an  tim  nourt  may  order ;  and  anch  ptnaltv  ahAll  be  enforced  iti  the  Aame  manner  a4  iiay 
debt  adjudged  to  bed[ic  by  the  court;  moreover,  if  any  pcriion  au  in  default  ptmUtt  in  difto^reyitij 
any  riHjinremi'nt  of  any  hucIi  order  For  a  periocl  of  not  lexa  than  a  month,  or  Atieh  other  |ieriod  Ll-a* 
than  a  month  ah  may  he  preHoribeii  by  nuch  order,  th';  iXMirt  may  in  addition  to  miy  penalty  iimuy 
iinpo'i*-  apimint  any  person  or  |iei«oD4  to  carry  int'i  n^dect  nnAi  order,  and  ulJ  eiEpeitfles  inouired  by 
any  aurh  jitc^m  or  iiersorm  t<»  nnub  amoEint  aa  may  licaUowetL  by  thr  coimty  court  nhaN  be  ileemeil 
to  be  a  debt  due  from  tbe  pei'son  or  porsoofl  executing  Aiieb  order,  ami  may  be  recovered  m^etitd- 
inglyiuthe  county  court. 

U-  If  dither  iwrty  in  uny  proi:eedin^H  Irefore  t.he  nuunty  euurt  undvr  tht*  Act  feel* aggrieved  by 
the  duciflion  of  the  court  in  jioiut  of  )aw.  or  on  the  m^rit*),  or  in  rcnpoiit  of  the  admiHaion  or  njec- 
tiun  of  any  evidence,  he  may  upi>cal  from  that  decision  to  thv  High  Court  of  Justice. 

The  appeal  «hall  be  in  the  form  of  a  apueial  case  to  be  agreed  upon  by  liutb  [uLitiea  or  their  attor- 
iieyn,  and.  if  they  cannot  agree,  to  he  aetrtLedby  the  judge  of  the  county  ooiirt  upon  the  appliutien 
uf  tbe  partii-)(  or  th<!it  attorue>H^ 

The  cinirt  of  appeal  may  draw  any  inferenoca  from  the  faeta  hUted  iu  the  UftWi  thiht  a  jury  mig^it 
draw  fnirn  facts  nt:ittd  hy  witneHncp- 

Subject  to  the  pniviHJcma  of  thia  rtectiun.  uJl  the  euactmonta,  rulcti,  and  ordern  relating  to  pniiwed- 
in^  inactjonii  in  county  roiirtn,  and  to  enfori.'ing  judgments  in  oonnty  coui-ta  xnd  Apiwola  fromde- 
oisioiiA  of  (he  eunnty  c^mrt  ^udgeq  and  to  the  oimditLona  of  aneh  appeala,  ahall  apply  to  all  procceii- 
iiiga  under  this  Act,  and  to  an  appeil  from  aueh  action,  in  the  same  manner  oh  if  4Udb  aotion  anil 
fcppeal  ri'Uted  to  a  uiattei'  within  thr  onUnary  jurindiction  of  the  court. 

Any  plaint  entered  in  a  county  omirt  under  thia  Act  may  Iw  removed  into  the  High  Court  of 
Justice  by  Leave  of  any  judge  of  tli^;  naiil  High  Cmirt,  if  it  appears  to  buoh  judge  desirable  in  th" 
jiitereata  of  ju^tiee  ibat  aueh  caae  should  be  trii?d  m  the  Mr^t  inatanci^  in  the  Htgb  C^mrt  of  Jn*- 
tice.  and  not  in  a  county  court,  and  on  nuoh  terms  aa  to  aecurity  for  and  payment  of  coata*  and  Jinch 
other  termi  (if  [iny^  a»  Huch  judge  may  think  fit. 

m  A  certilicatir  granteiL  by  au  inspector  of  proper  qmiUfi cation n,  appointed  for  the  purpoam 
of  thi^  Act  by  the  Local  Government  Board  to  tbe  eflTect  that  thr:  ineaiiA  u^ed  for  rendering  h&mi- 
lesH  any  newagu  mutter  or  poiionona,  noiiiouB,  or  |>olluting  HoUd  or  Uquid  matter  falling  or  Howinf^ 
or  uartied  into  any  atrenm,  are  the  bent  or  onlv  practicable  and  available  means  under  the  eircuni- 
alatLCes  of  the  partJcnUr  none,  nhall  in  all  court*  and  all  proceediiiga  under  tbii4  Aet  bn  conoluvtvif 
evidence  of  the  fact  i  sueh  ocrtificatu  nhall  continue  iu  force  for  a  porind  to  be  named  therein,  not 
exceeding  two  yeitra,  and  at  tlie  expiration  uf  that  period  may  be  renewed  for  the  like  or  may  leaa 
period. 

All  expcnnea  inourre;!  in  or  about  obtaining  a  certiAoate  under  thia  eection  ahull  be  paid  hy  th« 
applicant  for  the  ume, 

Atiy  jieraon  aggrieveil  by  the  grant  or  the  withholding  of  a  certilicate  under  thin  aection  nuty  atk" 
peal  to  the  Looal  riovernment  Doard  againnt  the  decision  nf  the  Lnspootor ;  and  the  Hoard  may 
either  eonlirm,  reverieH  or  modify  Ixia  deeinion,  and  may  malie  mtoh  onler  aa  to  the  party  ur  parUaA 
by  whom  the  COAh»  of  the  appeal  are  to  Ik  borne  aa  to  thr  said  Itoard  may  appear  jUat, 

1^  Proeeeriing"  shnll  not  be  takeia  uxuler  thii  Aet  .ij-amBt  any  ]wr#ion  for  any  offence  againrt 
the  proviaioni  nf  Parts  TL  and  HE.  of  thii  Act  until  the  expiration  of  twelve  nionthn  after  the 
IHutning  of  this  Act ;  nor  bhnll  proeeedings  in  any  case  bo  taken  under  thii  Aet  for  any  oftancv 
against  thia  Aet  imtil  the  cipiration  of  two  mnntha  after  written  notice  of  the  mlentmn  to  taki* 
euoh  proceedings  ha«  l>eeD  given  to  the  offender,  nor  fdiall  proceedings  under  thtK  Aot  bi*  taken  for 
any  offence  against  thi*  Aot  until  the  expiration  of  two  month*  after  ivritten  notice  of  the  inten- 
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tion  lAj  lukt  KUch  pruaeecliDgt  lia«  b?i?n  giieii  to  the  utfi:iiiler.  nor  ahtl]  proceeiliD){R  iiiider  thi*  Act 
betaken  fuT  itny  oHeQce  aguiitt  thii  Act  while  other  prodeedingn  in  reUtioa  to  anob  ufl)-n(ie  an 

H.  Thi-  LuiaJ  UiivornmaQt  Bond  Di»y  mike  ordtT»  u  lii  [hi.-  uimtu  iiiour tuJ  bj  theiu  in  relatioii 
to  in<juJrieB  iuatitated  by  tJieia  under  thia  Act^  and  afi  to  the  putiua  by  whom  «iieh  uont4  xhaJI  be 
borne ;  und  every  eucb  order  and  every  order  for  the  payment  cff  eosta  made  by  the  Bmjd  Board 
under  teotlon  twelvo  of  thin  Act  may  In;  made  a  ruU>  of  Her  Majesty '»  High  Couil  of  Jnatioe. 

15.  lnspecU»ra  of  the  Local  lioverument  Board  abill,  for  the  ])urpose«  of  any  incjuiry  directed 
by  the  Board  ondor  thi-i  Act,  hnvc  in  lelatioii  lu  wjtne6'«06  ariit  their  exaiuinatioL,  the  prodiietjoii 
of  papcrB  and  aocoiintn,  aiid  the  iu^peotion  of  plAoeu  and  matC^irH  required  to  bu  iuB|ieGted,  Efimilar 
powera  Ui  those  which  the  inapeotora  of  the  Kaid  Board  haw  under  the  Public  Health  Act.  mT5, 
for  the  pnrpoaeH  of  that  Act. 

|2)      S.iVINO   Cl.AlSES. 

1(1.  Tho  powers  given  by  ihia  Act  aball  not  be  deemed  to  prejudice  ur  aflect  any  other  rights  or 
pourets  now  existing  or  veatcil  in  any  pcrnon  or  pcmonn  by  Act  of  Parliament,  law,  or  cuatcim.  and 
aiich  other  righba  oT  puwera  may  be  cxeToiaed  in  the  same  manner  aa  if  thiH  Act  hail  not  |»aaaed  ; 
anil  nothing  in  thia  Act  shall  localize  any  act  or  default  which  would  b'it  for  this  Act  ix  deemed 
to  lie  a  nniaancc  or  otharniae  uontnury  to  law  :  Provided,  nevertheless.  Chat  in  any  prooecdiuga  for 
eiiforeiag  againat  any  person  auch  rights  or  powers  the  court  befute  which  such  prococdiags  are 
pending  shall  take  inhf  conaideration  any  certificate  grantvil  to  auoh  person  iiridet  thia  Act. 

IT.  This  .^ot  ahall  not  apply  to  or  aSeot  the  Uvrful  oxerciae  of  any  rights  of  impounding  or 
diverting  water. 

IS.  Kothiug  in  or  done  under  this  Act  shall  extend  to  interfere  with,  take  away,  abridge,  or 
prejudicially  aOi^ct  any  right,  power.  autLjority.  jurisiiietion.  or  privilege  given  by  '^The  Thames 
l^nservancj  Acts.  IM57  and  1804,"  or  by  "  Tho  Thames  Navigation  Act,  ISOU."  or  by  the  I.ee 
OoQaefraaay  Act.,  18iW,  or  any  Aot  ot  Actn  extending  or  amending  the  said  Acts  or  either  of  them, 
or  AfTeot  any  outfall  or  otiicr  works  of  the  Metropolitan  Board  of  Works  (altborigh  beyond  the 
metropolis)  ezecutcl  under  the  Met.ropoliH  Management  Act,  l)C^'l,  and  the  Acta  aiiieading  or  en- 
tentiiug  the  aame.  or  take  away,  abriitge.  or  prejudiciallv  afect  auj  right,  |iower.  authority,  jiiris- 
dietioTi.  I'l  privilege  of  the  Metropolitan  Board  of  VVoika. 

in.  Where  any  local  authority,  or  any  urban  or  rural  sanitary  authority,  ha*  been  empowered 
<ir  rotinired  by  any  -4ct  of  Parliament  to  carry  any  sewage  into  the  aea.  or  any  tiflal  wal<-r.  notliing 
done  hy  suoh  authority  in  puisuauuc  of  nnah  enactment  aball  be  deemed  to  be  an  offence  agaiuat 
ttiiaAat. 

(S)  Definitions. 

HI).  In  this  Aat.  if  not  ineonautent  with  the  context,  the  following  tonus  have  the  meauitiga 
hereinaftor  tcapectivclj'  Bfaigned  to  them  ;  that  i»  to  say, — 

"*  Per«on  "  includoA  any  body  of  peRoni,  whether  corjiorate  or  uninoorporale, 

"  Stream  "  inoludr-s  the  sea  to  such  extent,  and  tidal  wators  to  unch  point,  aa  may,  aiter  losal 
inquiry  and  on  aanitory  grounds,  lie  detormined  by  the  Loral  Government  Board,  hy  order  pub- 
lished in  tlie  London  Un^ctte.  Save  aa  aforesaid,  it  ineludea  rivera,  ttreams,  canala,  lakes,  aiie 
wator 'Courses,  other  than  water -ooursea  at  the  puaaing  of  thiR  Act  mainly  UBcd  a«  sewers,  and 
emptying  direutly  into  the  sea.  or  tidal  water:-  which  have  not  heeu  detormined  to  be  stream* 
within  the  meaning  of  thia  Act  hy  anoh  order  aa  aforesaid, 

"Solid  matter  "  aha] I  not  include  particles  of  mattor  in  suspension  in  wator. 

"  PolluLin;"  shall  not  include  innocuous  diacoloration. 

'*  Ban]taT3'  authority  *'  meana^ 

In  the  metropolia.  as  dchned  by  the  Metru^iolis  Managemeut  Act,  \S!A.  any  local  authority  act- 
ing in  the  eieuution  of  the  ^Juisance  Bcmoval  for  t-ngland  Act,  l^'i,  and  the  Acts  amending  the 
same. 

Blsewhenj  in  England,  any  iirbkn  or  rur«l  ntnitary  auCbarity  acting  in  the  exeoulion  ot  the 
Pablic  Health  Act.  18^. 

The  iipplication  of  the  Ai:t  to  Scotliind  and  Ireland  is  omittt-d, 
as  coiisiHting  chiefly  iii  dofiDitious  and  explanations,  luid  aa  being, 
therefore,  irrelevant  to  our  eireuTDHtances. 
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\Ji  ACT  to  confer  upon  the  Ststa  BoBnl  uf  Ucallli  power  to  protect  ftom  oontamination.  b; 

■iiitable  rvgilUtiona,  tlio  uat^r  HuppUv*  uf  tiiL«  State  ami  ttiBir  nuuroca,      Paued  Jnne  13, 
Itsas :  chkplcr  M3.  Lawi  of  ltia5. 

Tht  PiopU  of  the  Stale  ofiltic  Tork,  rrpraentt.i  1h  Senaie  aitd  Aaembly,  do  maclai/iillom- 

Section  1.  The  Suiti  Board  of  Hcallh  iit  hcri^by  nuthoriied  ami  (-miioiTered  to  make  tuluuiiJ 
rcijnkticina  for  protecting  from  ountnrninution  unr  nwl  all  publie  iiip^lieii  of  potkble  wiiteit  ud 
thcTr  souTceH  withiu  tliU  Stat^:.  Provided,  howevot.  ouy  «iicb  iiile  or  rei^Qlatiou  abiJl  not  be  ojier. 
Btive  in  ftny  county  until  the  coLinty  jud|{c  of  that  voiinty  hliulJ  npprovo  the  aaint:- 

Sect.  a.  The  Mid  State  Board  of  H'ralth  sliall  alHi  ha™  powLT.  and  it  iholl  be  iti  duty ;  L 
Ta  publish  once  a  weuk,  for  at  le&at  eix  cunHeciLtivo  wecka,  lUL  Huch  tnlea  and  regulatioaa  ad  It 
ahall  liiTo  made  concerning  the  oontaniLnutiun  uf  any  suli-iuil  waters,  sprioj^,  ttreanu,  lake^ 
pondfi,  rcB^rvoin^r  or  other  bodieB  of  abater  eoutribtiting  to  the  |>otuble  water  supply  ufatiy  niuuiiO' 
ipabty  within  thin  State.  8»ch  p»blicaILon  to  be  maiie  in  one  ur  inme  newapapers  published  in 
the  oounty  in  which  the  waters  alTeoted  by  auch  regitlatiuua  are  located.  The  co«t  of  pubiiahinif 
the  regulations  of  the  State  Board  of  Health,  aa  abuva  provided,  eball  be  paid  by  the  oorpontioD 
or  ninniuipality  bonelitod  by  the  protection  of  the  waifi  nupply,  uoiieernmg  which  the  rulei  are 
made.  2.  Tu  impose  peoaltiea  for  ilie  violation  of.  or  tho  non -compliance  with,  thair  mloa  and 
reiEulations,  not  exceeding  two  hundred  dollars  in  any  one  oaae. 

Skc:t,  3.  The  officer  or  board  baring  by  law  the  management  and  oontrul  of  the  potable  wala 
aupply  of  any  municipality,  iu  all  casCA  where  the  said  muntcifiatity  derives  ita  water  auppiy  id 
whole  or  in  part  from  any  aub-aoil  water,  springr,  streairis,  lakes.  |Kiudi,  rescrtuirs,  or  other  waters 
oanoerning  whi^h  the  State  Boafd  of  Health  shall  make  any  rule  or  regulation,  is  hereby  author- 
ixed  and  empowered  to  make  such  inspection  of  the  sources  of  said  water  supply  Ks  said  officer  or 
Ifoani  may  deeiu  advieable  to  secure  the  said  water  supply  from  auy  defilement,  and  to  iksoortikUt 
whether  or  not  the  rules  and  rcgulatioiui  ma^le  by  the  State  Board  of  Health  are  coinpUe<:l  with, 

Secrr  i.  In  caae  aoeh  inspection  shall  disclose  the  violation  by  any  person  or  persons  of  any 
of  the  rules  or  regulations  of  the  said  State  Board  of  flealtb  relating  to  the  aouroen  of  Mud  water 
supply,  the  officer  or  board  meationed  in  aectioii  three  of  this  act  shall  serve  ur  canae  to  )■• 
served  a  uopy  of  the  said  rul™  and  regulations,  aocomjisnied  by  a  noti.'e  specifying  the  rule  or 
regnlation  olaimi^d  to  hare  been  violated,  upon  the  said  person  ur  persons  violating  such  niles  or 
regulations.  If  the  persun  or  persons  so  scrverl  do  not  immediately  comply  with  the  said  regnla- 
lation.  the  said  officer  or  board  having  charge  of  the  water  supply  of  the  municipality  affected 
thereby  shall  notify  the  State  Board  of  Health  of  the  violation  of  its  rules  ;  tho  State  Boanl  uf 
Health  ^hall  thereupon  exainiiie  into  the  aaicl  violation,  and  if  the  party  cuiiiplidried  of  is  found 
to  have  actually  vioUteil  any  of  the  said  regulations,  tho  Secretary  of  the  State  Board  of  Ui4tlh 
shall  order  the  local  board  of  health  having  jnriadiction  thereof  to  coovene  and  eofuree  obedieiiia 
to  the  said  regulation. 

Skct.  5.  lu  case  any  local  board  of  health  having  jorudiction  thereof  faila  to  enferoe  tho  ord« 
of  the  Secretary  of  the  State  Board  of  He-alth  within  ten  days  after  the  rreeipt  of  a  notiGcaiiim  so 
to  do.  as  provideil  in  the  laat  acction,  the  corporation  furnishing  the  water  supply,  or  Uie  munici- 
pality deriving  its  water  supply  from  the  waters  tor  the  sanitary  protection  of  whirli  sucb  mlea 
have  been  made,  is  hereby  authorized  and  empowered  to  maintain  an  action  in  a  Dor^rt  of  reoo'd 
and  which  shall  be  tried  in  the  oonntv  iu  which  the  uause  of  airtion  anwe  against  the  |«>Hn  or 
persims  violating  the  said  rules  for  recovery  of  the  penalty  therein  provideiL 

Sect.  ft.  Every  piirson  who  shall  wilfully  violate  nr  refuse  to  obey  any  ride  ni  tegiilation 
made  and  publiahed  by  the  State  Board  of  Health,  and  approte<l  pursuant  to  the  proviaioua  of 
this  act,  shall  be  guilty  of  a  misdemeanor,  and  on  a  cimvictinn  thereof  shall  Ik  subject  to  a  HEie  or 
Imprisonment,  or  both,  at  the  diioretion  of  tho  oourt,  inoh  Tme  not  to  etaeed  three  hiinilKMl  dol- 
lars, not  such  imptisonmnnt  six  months.  But  the  recovery  of  a  penalty  in  a  civil  action,  u  p»- 
vided  in  section  tive  of  this  act,  Bn>!  erLoitiial  proaccutioa  and  Danriotioa  undet  the  praviuiina  uf 
thii  (eceioa,  shall  not  bo  had  fur  the  san>e  olTense. 
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Sect.  T.  When  the  BUite  Board  of  Uealth  ilull.  foi  tlia  protcstioD  of  ft  walcr  >i>ppl]'  from  oon- 
tainiiution,  make  i^ulationi,  tbc  rxeontioB  of  wliich  will  require  the  praviding  of  wme  pnblio 
Duuu  of  remoiBl  or  purifiotioa  of  ww*4{e,  tlie  miiuioipiility  or  oorporfttioD  owning  the  wster- 
workd  beneAt^  thereby  ihAll,  mt  Its  own  expense^  couBtmct  and  "***"'-ff'"  kuob  works  or  meaua 
fat  wwkge  diipotal,  aa  ihatl  be  ftppro*ed  by  tile  State  Board  of  Uealcli.* 

Sect.  H.  The  Stat«  Board  of  Health,  any  local  boud  of  health,  ot  any  municipality  or  oorpo- 
Tation  funUBhing  wateCt  may  oauee  the  affidavit  of  ^e  printer,  publiKher,  or  proprietor  ot  any 
uewapaper  publuhiog  the  rulaa  and  rcguUtiooa  ■■  provided  by  the  asoond  aectioD  of  thu  act,  to 
be  filed  with  aueh  rule*  ae  publiihed  in  the  clerk'*  offioe  of  the  county  id  which  the  mnnicipalitj 
or  corporation  fumuhing  the  water  aupplf  in  any  can  may  be  aituated  or  looatud,  and  auch  aS- 
davit  and  ruka,  oi  dnly  certified  oopie*  thereof,  ahall  be  deemed  coDolniive  eiidenoe  of  doe  publi- 
oatiou  and  of  all  the  facta  therein  atat«d  ia  all  oonrta  and  in  all  prooeedinga  or  pioaeontjona  under 
the  pruviaion*  of  thia  act 

Sect.  H  All  acta  or  parta  of  acta  inooiuutent  with  the  proviaioDa  of  tbi*  aot  are  hereby  r»- 
pealed. 

SiCT.  10.  ThU  act  ahall  take  eSeot  immediately. 


APPENDIX  m. 

The  following  is  the  first  set  of  Knlea  for  the  sanitary  protection  of 
water-sheds  established  undei-  the  New  York  State  Act : 

BULE»  AND  KBGULATIONS  for  the  Saaiwry  Protectian  of  the  Watere  of  Hamlook  Lake, 
the  Publio  Potable  Water  Supply  of  the  City  of  Kcoheater. 

Prlviei  adJiKtnt  to  the   l^kt. 
Rule  I. 

Section  A.  All  boneea,  cottage*,  tenementa.  tent*,  camp  and  picnic  grounda,  adjacent  to  the 
ahorea  of  Hemlock  lake,  tbalt  be  provided  with,  at  leant,  one  privy,  which  ahall  be  pUc«d  upon 
the  ground,  without  any  vault  heneath  it,  and  ahall  be  ao  conitracted  that  metallic  paili,  fifteen 
inohea  high  by  fourteen  inohea  in  diameter,  can  be  placed  nnder  the  aeata  and  be  freqoently  iind 
euily  remored  with  tbeir  ooateota. 

Section  B.  The  priviea  ahatl  be  no  looatad  that  acoea*  to  them  from  the  lake  may  be  had.  fur 
the  purpoio  of  facilitating  the  removal  of  the  paila 

Section  C.  Occupanta  of  the  premiaeii  ahoald  daily  adil  earth  or  aabea  to  the  oontenta  of  the 
pailt,  aa  a  deodoriaer  and  abaorbont. 

Section  D,  The  ownera  and  oconpaJita  ahall  alao  eieroiae  due  care  and  overaight  of  the  paila 
(ued  ID  the  privies. 

Section  B,  When  any  privy  i<  to  be  nsed  in  winter  aa  well  aa  Hummer  it  ahall  beao  located  and 
arranged  that  the  pail  may  be  replaced  hj  a  water-tight  box  or  trough  ri'iting  «n  aalid  runiiprn  or 
amall  wheela,  and  having  a  staple  by  which  it  niay  be  dmwn  out  from  under  the  aeat,  or  be  otlii-r- 
wiaa  ao  arranged  that  when  Che  box  ia  anfficieotly  filled,  it  may  be  taken  from  under  the  privy 
and  the  contenta  emptied  in  aome  nate  place,  vhere  they  cannot  poaiibly  be  washed  into  the  lake 
or  into  any  atream  running  into  the  lake,  or  into  any  wpll  or  apring.  Aabea  ahoald  daily  he 
thrown  into  the  privy  box  aa  a  deodoriaer. 

Section  F.  No  owner  or  occupant  ahall  have  upon  their  premiaes  any  privy  fault  of  aoy  kind 
aituated  within  two  hundred  feet  ot  the  ahore  of  Hemlock  lake. 

Rule  II. 

Section  A.  The  city  of  Rocbcat^r  ahall  fnrniah  a  aulRcient  number  of  paili,  for  the  uae  of  each 
privy  situated  within  two  hundred  feet  of  the  ahore  of  Hemlock  lake,  and  ahall  cause  the  paila  In 
be  placed  under  the  seats,  and  to  be  removed,  emptied,  oleanacd  and  diainfecteil  as  often  aa  may 
be  neceasBry  Ut  insure  that  thvy  are  kept  in  good  sanitary  condition. 

*  Tn  1600  Ihl*  section  waa  amended.  Ibrowing  eren  more  oomplrtelj  itit  eipenoe  nf  prateclEon  opon  th<-  inii. 
ntdpallEj. 
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SeitIiin  B  Whan  ■  full  piil  u  remoTed  from  ■  privy,  itt  pI«oe  dull  be  iDnnrdimlety  «iip|iliel 
liy  ui  cm  i>ty  one 

Seltion  C.  'I'll*  |i»il*  iliall  lii^  made  of  nitUi,  and  nhall  !«■  fifteen  inehci  higli  bj  fonrit«ii 
itit:li»^  in  cliJLr»«'tor,  oiiiKLdi:  me^isMrentent.  Tlary  bb&ll  Iw  provtdiMl  with  fluven.  to  be  uiwd  dnniiff 
ri.'ino^'al. 

Seitiun  D.  The  removil  of  the  pails  from  the  privies  atuUI  he condncted  in  each  h  rouineiu 
to  causa  aa  tittle  inconvenitinre  -jv  annoyjtnce  to  Hit-  ocenpaut#  of  the  prentuen  ax  ii  GDiapatJhIr 
with  proper  mannKement  of  tlie  biisinffna 

S£^TU■^  E,  The  contents  'ti  the  pails  shalL  be  removed  hy  the  city  of  Roohester  to  some  pfUht 
belnw  lhr{  font  of  tho  lake.  &nd  be  so  tieuteil  and  diapnaed  of  aa  to  onae  no  nuisance  nor  duigec 
to  the  public  h»ltll. 

Fritiet  near  Slnanit,  SprSnffi  or  IVatrr-eourm  on  Ilemlort  tMke  Wattr-thil. 

Bulk  in. 

ScLTiiiv  A.   Xi>  priv_v  shall  lie  tiicated  nithin  thirty  feet  of  any  xtreiun,  spring  <K  dry  witer- 

eourse.  the  wster  (ri>m  whieh.  when  rutiiung,  empties  eventuaJly  iutu  Heniluek  lake, 

Rii-B  IV. 

SelTIos  a.  Any  privy  sitimteii  within  fifty  feet  of  auy  jtream,  spring  or  dry  watei-conrae.  on 
the  watur-«li<id  of  Hemlo^'k  lake,  or  within  lifty  feet  of  t}ic  bank  »f  any  ravine  on  thi4  wat>;[  shod, 
•hati  be  ciinstnicled  wihlioat  n  vault,  siid  shall  have  under  the  uents  half  barrelf,  tiilis.  psiK  nr 
w»ter-Iiglit  hoXL-K  or  troHghs  arranged  to  bo  easily  and  frequently  removed,  emptied,  cleansed  and 
returned  Co  their  place,  under  thi^  privy  aeats.  Ashes  ot  dry  earth  should  daily  be  used  in  these 
privies  aa  a  dwnlorizer  and  abaorbent. 

Bdlr  V, 

Section  A.  The  owners  or  ocouimnU  of  iiremiscs  having  privies  with  tubs.  |«il*  ot  boxea^ 
shall  ciknKe  the  eont-ents  to  be  rcinovifd  and  the  iectf[itAcle  to  be  cleaned  as  often  ss  it  neoeaaary  to 
keep  the  privy  in  good  sanitary  ci.iidition. 

Section  B.  The  contents  of  the  said  privies  hIuII  be  diapoaed  of  in  snch  a  manner  that  they 
can  by  no  possihiliiy  be  washed  iaUi  irny  jtreBm,  dry  wafer -co  iirtw,  ravine,  spring  or  well,  cither 
over  the  surface  or  through  the  iinb-wi].  and  the  excremental  matter  shall  be  «o  placed  Bs  not  to 
cauH'  an  oi^ensivc  nuisante, 

R11.E  VI. 

t^£i.'TiON  A,  If,  owing  to  the  porous  (character  of  the  soil,  the  height  and  flow  of  the  surface  or 
sob-soil  walera,  the  iiteepness  of  the  slo|>eJi,  or  other  conditions  of  the  localitv,  it  shall  be  the  Jodg- 
ment  of  tiic  local  iHitkr'l  of  hcvlth,  or  of  the  State  Board,  that  the  exorementaJ  matter  from  any 
privy  may  be  washeii  on  the  turfaeo  or  through  the  soil  into  some  neighboring  »pring  or  wat«i- 
course,  then,  after  doe  notice  to  the  owners  or  occupants  of  these  premiaes,  their  priyj  ahall  be 
made  to  ooiiform  to  the  rulea^imaniinB  privies  aitnated  within  fifiy  feel  of  watet-coarae^ 


Rci.«  vn. 

StrtloN  A-  The  owners  or  occupants  of  all  hoaaot,  eottAgee,  tenementh.  tents,  otmp  and  pie- 
iiic  xrounds,  within  two  hundred  feet  nf  Hemlock  lake,  ahall  place  sll  garhuge  produce-l  on  thstr 
prrmises  in  such  reaeptoolea  as  may  1>c  providcit  thiTf-Tor  by  the  city  uf  K^tciiesl^r. 

Sectiok  B.  No  garbage  shall  be  thrown  into  the  lake,  or  upon  the  groond  within  two  hundred 
teeC  of  the  lake,  nor  shall  it  be  thrown  upon  any  spot  where  it  may  possibly  be  washed  into  Um 
Jake. 
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RcLE  vra. 

Section  A.  The  oity  of  Rooheatet  ihAll  provide  proper  receptaulei  for  receiving  the  gmrbage 
produced  on  &11  premiaei  within  two  hundred  fr«t  of  Hemlook  Uke,  uid  ihall  uiue  the  Mine  to  be 
removed  and  emptied  m  often  u  may  be  ueceiury, 

Rdlk  IX. 

SscTtOH  A.  All  hoDae  alopi,  and  onk  uii)  laundry  wktcr,  prodaeed  on  ptetniMl  lidjftoent  to 
Hemlock  lake,  ahall  be  thrown  apOD  the  aurtaee  of  the  groand,  and  digtribnted  *o  aa  to  prevent 
cunoentntion  and  Batnrmtiou  at  one  apot,  bub  no  each  polluted  water  ihall  be  thrown  upon  the 
ground  within  one  hundted  feet  of  the  lake  ahoie,  oi  aa  near  that  Limit  M  the  depth  of  the  lot 
will  permit,  nor  into,  nor  near  any  apring,  water-ooorae  or  ravine. 

RuL*  X 

Section  A.  No  gatbage  or  honae  alopi,  unk  or  laundry  water  ahall  be  diaobai^d  into  any 
atieun,  apciiig  or  dry  water-ooone,  on  any  part  of  the  water-ahed  of  Hemlock  take,  nor  aball  any 
auch  pntreaoible  or  polluted  waters  be  (brown  upon  the  ground  or  into  it,  where  they  may  pol- 
lute any  apring,  atream  at  water-coorae  on  tbia  water-abed. 

Animal  ATanura. 

Rule  Xi 

Section  A  All  atablea  aitnated  within  two  hundred  feet  of  Hemlock  lake  ahall  be  provided  by 
their  ownera  or  ocoupanta  with  a  tight  and  well-covered  bin  or  boi,  in  which  all  maunrea  ahall  bn 
placed,  and  from  wbiob  it  ahall  be  removed  a*  often  aa  oleanlineBa  may  require. 

Rule  XII, 

Section  A  No  itable.  pig-aty,  hen.houac,  barn-yard,  heg-yard.  bitching  or  atanding  place  for 
horses,  or  other  plaoe  where  animal  manure  accnnmlatea,  ahall  be  ao  oonatructed  or  located  that 
tbe  manure  from  it  may  waah  into  the  lake  or  into  any  atream,  apring  or  dry  water-courie  run- 
ning into  the  lake. 

Jfiiaufitclurlnff   Wiatr. 

Rile  XnL 

Section  A.  No  waatc  product*,  pntreaoible  mattera  or  polluted  watera  from  any  alanghter- 
hoaaea,  cheese  factotieai,  wine  or  beer  vaul^  cider-milla,  tanneriea,  aaw-miUa  or  other  manu- 
factoriea  ahall  be  allowed  to  drain  or  waah  into  any  stream,  apring  or  dry  water-oonree,  or  any 
part  of  Hemlook  lake  water-ebed,  or  into  the  lake. 


Animal  and   Vtgtlablt  iTatten. 

Rcl,B  XIV. 

Sbotiok  a.  No  dead  animal,  bird  or  Gah,  nor  any  filthy  or  impure  matter,  nor  any  decayed 
fruit,  vegetable  aubatancea,  leavea.  saw-duat,  roots,  branohea  or  trunks  of  trees  in  any  condition 
of  tbeir  growth  or  decay  shall  be  thrown  into  Hemlock  lake,  or  ao  placed  by  any  person  that 
they  ^all  wash  into  the  lake,  nor  iball  they  be  thrown  into  any  spring,  stream  or  water-oouna 
running  into  the  lake. 
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Wanking  Shttp  or  AnImaU, 
HuLE  XV. 

&K)TJOR  A.  No  aheep  or  other  animaJs  flball  be  wufaod  in  HemiiMik  Lake,  or  m  hay  mflucot 

iticam  within  half  a  mile  nF  the  lake^  nut  rihall  Any  fhjii'Ased  Aheep  bo  wuh^  in  any  aiirinii^ 
poad  or  ntceaiu  on  th^  wBtcr-AhL-d  of  Homlock  iiikt. 

BvutL  XVL 

8JB0TI0N  A,  In  Acoordfttioe  wifkh  ohapter  543  of  the  Uwb  oE  1885,  m  p«iull7  of  150  b  h«ret? 
imposL^d  upon  any  porAou  or  persona  ^ilty  of  violatiuu  of  or  non-oomplijuice  with  may  of  Ibe 
o.liot'D  given  mandntory  ndea  or  regnUtionn,  U*  be  rLiMtvoriKl  under  aaid  act 

Approved  hj  order  of  tbe  State  Board  of  Health. 
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The  following  is  the  Musuacbimetts  Act  for  the  Protection  of  Inland 
Waters  as  Ameadefl  in  1888  r 

AN  ACT  to  protect  the  Purity  fl  Itil&ud  Wacun.  and  to  lequirB  Conenltation  with  tho  HtAte 
Board  uf  Hoalth  regarding  the  b^tjtubliBhiOfiut  of  tiy?itflmB  of  Water  bnpply,  Dniiia^  and 
8ewi?rag0. 

Be  it  eu[u;tt^dp  «to,,  an  followa: 

8eot-  t.  The  etate  board  of  health  n\ml\  ht^ve  thu  gHneml  nveiiij^ht  Kod  cam  of  at!  iitUnd 
«iLteri4,  and  B)iali  b«  fumi^hod  with  rnap»i,  jilan^  and  docnnu'titR  tLuitAhlo  fur  chia  put't>'*t>^  "-^t*^ 
records  of  all  it*  doinj^-B  in  rebtioo  thereto  -hull  be  If -pt.  It  may  i-mploy  mieh  engiiiT'prm  niiil 
ulerku  and  otb^r  aaatiitJLntM  t-f*  it  may  det-ni  utcensary  :  jmividi'dy  that  hci  i^ntraoti  or  uther  aef 
which  involve  the  payment  of  money  from  the  treMory  "f  the  Commonwealth  nhalL  be  ra»<d*i  of 
done  without  an  appropriation  expresHEy  made  tiierelor  hy  the  general  eoiirt.  Tt  Bhail  anp»a|]y  im 
or  beforit  the  tenth  day  of  January  report  to  the  );enural  court  ita  doingn  in  the  preoediiig  yoai, 
and  at  the  Hame  time  submit  e^tTtnatcB  of  th^  huuik  re']uired  to  mi-et  the  ejqtciiHefi  of  laiil  hoard  in 
relation  to  the  care  and  oversight  of  inland  WJitera  for  the  enaning  yiuLt.  imd  it  fhall  aJ^n  rpconi- 
mend  legi^ilation  and  HiiJtaUe  plana  for  nueh  eyiiUimii  at  main  Rewf-rn  v  it  may  deem  ne^'tMdi^  fur 
the  prCRervation  of  the  public  health,  and  for  the  purilioAtlon  and  prevention  of  pollntiuii  of  tht 
pomLii,  Htr^amt  and  inland  watern  uf  the  Commonwealth. 

Skit.  'i.  Sdd  board  nimll  frim  time  to  time^  u  it  may  de-^m  expedient,  cwum:  fHHrTdnAtiunt  of 
the  Hoid  watera  to  be  mode  for  the  pur|ioiie  of  am-vj  tuning  whether  the  «iinie  »Td  ndnpt'^d  for  iiw 
aa  Hinrt^es  of  domeotLc  water  Mi^ppliee  or  aie  in  a  eonditiim  likely  to  im]Kkir  the  i»Ceri4t4  of  til* 
pnhlic  or  petwiMi  lawfully  uaing  the  Mme.  nr  inijitril  llic  pubJiu  hwdth,  U  nball  creommend 
meaaurefl  for  prevention  nl  the  [■■■Untion  of  mioh  wnti^rji,  and  for  rrmoval  at  Kii^i«tancBn  and  ean^* 
of  every  kind  which  timy  \h:  liable  tti  cauMi  judlntinn  theri-i»f.  iti  order  to  pri»t'H-t  nnd  develop  the 
n^htn  and  property  of  the  Com ojon wealth  Therein  and  to  pntteet  the  pnblie  lieullh.  It  dhail  have 
uiithorit.y  t4}  ijcmduct  cxperlmcntH  to  di'tennine  the  bent  pntetieiible  inrtloMli.  of  pin  ifiRatiun  ut 
drainage  arid  oowo^  or  di^piaAal  uf  the  same  Kipr  thn  pur}K)hv  afureiutid  il  may  I'lnpLoy  mich  *k- 
pert  a«sitktnncc>  na  may  be  neco^Hary- 

Sect,  3r  It  ahall  ftnm  tjme  lo  time  e^mAult  with  and  adrixe  the  authorities  of  eitke>  uid  towu^ 
or  with  eoqioratioTift,  firniK  or  individual)'  citlier  alreo^ly  hiiviri^  ot  mti'iidiiig  i^i  intnnlui:)'  Byntrma 
of  water  *iTipply,  drainage  or  aewemi-e,  ok  to  the  nmM  appropriati*  woroe  i>f  atipply,  the  Ih'M.  \itmc- 
tiealrle  metliiHl  of  M^HuHnK  the  imrity  thereof  or  of  dinpoKinf-  of  their  dratnuge  or  Anwagr,  having 
regard  tt.  the  pri^sent  and  |iroii|MHJtive  noedn  and  inlere*tfc  of  other  eitiei,  lowii^  oarTH>mtii»na. 
flnun  nr  indivldmdii  whi^h  may  Iw  HfTeoIeil  thcri'by.  It  sluid  alto  fnnii  t.m*'  to  time  I'onaolt  witli 
and  advi*e  Twrm.nB  or  i^nr-mrjit  "Oh  fiis'^tr"*  ■'*'  >   tctAdiii:;  to  pouitf    in  ^n^  maimfiMtMiinj  m  otlirr 


APPENDIX   V.  579 

biuineu,  dcaintge  oi  teynge  ftom  wliioh  mai;  tend  to  tSD»  the  pollution  of  any  ioUiii!)  -mtez,  u 
to  the  b«it  practicable  method  uf  preventing  such  pollution  by  the  intercept! on ^  dispoa^  or  puri- 
fication of  «uoh  drainage  oi  tenage :  protldfU,  tliat  no  penua  ahall  be  compelled  to  bcur  the  ei- 
peniieof  luchcDasulUitian  or  advioe,  or  of  experiment*  made  for  the  pnrpoaeii  of  Uiu  act.  All 
■ueh  aathoritiea,  corporationa,  firms  and  individuals  are  hereby  required  to  give  notice  to  aaid 
board  of  their  iatentiona  in  tfae  premiKn.  and  to  subniit  for  ita  advice  onllinei  of  their  propoicd 
plana  ur  aahemei  in  [clattun  to  water  supply  and  diaposalof  drainage  and  beware,  aiidalljieliliunt 
to  (ht  hguiltUure  for  authority  tv  iutrottuce  a  i^ysUm  of  icafnr  utippty,  tti-aiH'ii/<'  or  setoff  age  nhiitt 
be  aetuinpaiiied  by  a  ropy  of  the  recviiunendatiuii  and  mlcite  of  the  taid  b'luril  thrrron.  Said 
board  shall  btini;  \u  the  notice  of  the  attorney -general  all  inatanoes  which  may  come  ta  its  knowl- 
edge of  oniiasion  to  comply  with  existing  lawa  respecting  the  pollntion  of  ^xntcr  supplies  and  in- 
land waters,  and  ahall  annually  report  to  the  legihlaiure  any  speciliccaaeH  not  covered  by  the 
pioviuon*  of  extnting  laws,  which  in  its  opiniun  call  for  further  legislation, 

&E4^.  4.  In  this  act  tbe  term  "  drainage  ^^  refers  to  rainfall,  surface  and  aubvoil  water  only, 
Mid  "sewage"  refer*  to  domestic  and  moDufadturiug  tilth  nnd  refuse. 

Sbot.  5.  Chapter  two  hundred  and  seventy-four  of  the  acts  of  the  yeir  eighieea  handred  and 
eighty-ail  is  hereby  repealed,  but  nothing  in  this  act  shall  be  conatrued  to  affect  the  expeaditurea 
authorized  under  chapter  thirty  of  the  rewlve*  of  the  year  eighteen  handled  and  eighty -eight 

Sbci.  6.  This  act  shall  take  effect  upon  its  passage.     (Approved  May  IH,  IS38.) 
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The  city  of  Passaic,  New  Jersey,  having  proposed  to  turn  its  outfall 
sewer  into  the  FasBaic  river  at  a  point  about  4  miles  above  the  Newark 
Water-works  iDtnke,  the  city  of  Newark  sought  to  restrain  Passaic 
from  such  discharge. 

The  following  is  the  Chancellor's  decision  on  the  original  applica- 
tion as  rendered  in  1889 : 

Newabk  Aqueduct  Board  o.  Cmf  of  Passaic. 

{Court  of  Chancery  of  Netc  Jeney.     Jaly  2i,  1889.) 

Nil I8*NCK— Pollution  of  StbbjiIiI— lNJUNi:Ttoli. 

A  oorporatioQ  csJled  the  "  Newark  Aqueduct  Company "  wai  authoriied  by  statute  to  nu 
spring*  "and  other  souroes  of  water,"  tfl  supply  the  inhabitants  of  Newark  with  water,  and  to 
take  anoh  soaroe*  of  water  supply  by  condemnation.  In  ItUiO  ihe  city  of  Newark  was  empowered, 
by  act  of  the  legislature,  to  purchase  the  property  of  the  Newark  Aqueduct  Company,  and  to 
make  nte  of  its  sources  of  water  supply,  and  "any  other  sourcen,"  taking  by  condemnation,  if 
necessary.  The  complainant,  the  Newark  Aqueduct  Board,  ia  a  public  body,  chained  with  the 
management  of  Newatk'n  water  supply,  and  is  empowered  by  statute  to  maintain  suits  in  equity 
or  at  law  "  for  any  injury  or  trespass  or  nuisance,  done  or  caused,  ot  procured  to  be  done,  to  the 
water-Douises,  pipes,  machinery,  or  any  apparatui  belonging  to  or  connected  with  any  part  of  the 
works,  or  tor  any  improper  use  or  waste  of  the  water."  In  IStiT  the  cnmploinant  purcliaafd  for 
the  oity  of  Nf^wark  land  bordering  upon  the  Passaic  river,  a  tidal  stream,  and  npon  the  land  thus 
puicbaaed  oonstrucled  a  pomping  station,  and,  abandoning  all  oihcr  aaiirccs  of  water  supply,  for 
several  year*  ban  taken  large  quantities  of  water,  fur  doiufstic  and  other  nsea,  by  the  inhabitants 
at  Newark,  from  the  Passaic  river.  The  city  of  F^iaic.  situate  npon  the  same  river,  about  tour 
miles  above  the  complainant's  puoiping  station,  proposes  to  discharge  its  main  sewer  into  the 
tidal  water  of  the  river.  The  compUinant  alleges  that  such  discharge  will  materially  pollute  the 
water  of  the  river,  and  thereby  create  a  naitance  injuriou*  to  it,  and  by  bill,  in  its  own  name  and 
behalf,  aeeks  an  injnnotion  to  restrain  the  propooed  diaohorge  of  sewage.     Held,  (a)  that  tlift 
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vater  of  the  Panfwic  river,  tvbcfe  thi:  tide  ebbA  ami  flown,  bolnURB  to  ihi  stAte,  for  n9*9  oomrnvn  la 
nIT  its  uiLizvda;  (/^}  that  the  city  of  Ncvatk  ba^  uii  vptioiul  ri^^Eitft  to  that  water,  eibber  by  rewn 
of  itfl  ripariiLn  ownersLIp  un  the  river,  or  by  ^raJit  from  the  itUt«,  whioh  may  be  mjured  by  th« 
upprehenilL-d  aaitauoe,  and  eaable  the  Bomplainanti  by  showing  an  ajiprolit-ndcd  injtiry.  difituicl 
Fnjtii  tbat  ivliiuh  will  be  BulTcrod  by  the  ntlicr  iulmbitnatH  of  tbH  state,  tn  mmjntjUQ  it*  iaiiii-jJuLL 
""lit  to  Tfletrain  the  THjiBaHcc  ;  ir;  that,  at  beat,  »^ch  Bpocial  rifbta  have  nnt  be^n  eatnl-lUJifil  by 
futjiuUaatLoii  iu  tbia  ntuie ;  {it)  that  tbe  oonipbLioant  li  not  iii  poAilioD  to  ank  for  a  preliminary 
tnjunoLJon  whtii  thv  rij^Ut  on  whii^h  it  fonnde  it?  uiaim  t«,  4h  a  inntt<'r  of  luw^  tmA<-ttkiJ;  [t]  ibul 
the  prcit^Deftiiiff  tn  equity  tu  restrain  it  piibUo  uuisauue  irs  by  LnfoniiutioD  by  tbc  Attorney  generAl : 
tf]  tbit  tbo  BtatuUiry  uuth'irity  tn  the  compLamont  to  muintuin  a  4uit  in  ei|uity  fi^r  uuLuiii:o  uj 
water-oiiurHeB  uotiiiul-U:iI  with,  ita  workt  lUd  not  uunatitutc  it  a  public  agunt  to  i^iJe  to  r<:»lrain  a 
piiblii:  imiBani:!.',  bnt  nicridy  {ilothi:^!  it  with  power  toque,  an  an  individual  mi^ht,  fitt  thif  pnitculitiii 
ijf  liri^ftto  proptrtyi  <,v)  thmt  an  injumitioii  to  rejitrain  a  iiumanL-u  will  uaue  only  in  cuoa  whtirr 
the  fact  of  nui^iance  \b  made  out  upon  di'terniinatc  and  HJiliifootory  evidence,  and  tbat,  if  tbe  r«i- 
flenOQ  be  con1iii<tin|f,  ami  the  injnry  be-  doabtfiiL.  that  wiJl  ci>ii«titutv  a  ground  for  withholding  Ihv 
in}nDi;tiun,  and,  if  the  niiiuanue  he  merbiy  apprehended,  it  mn^t  appear  thut  appr<:ht!ntdm 
ni4terial  and  irreparable  injury  in  well  grounded,  upon  ^  Kt^te  of  facts  which  thow  the  dangif 
Ije  vc'xi  and  immediate;  (h)  that  sneh  conditions  of  faot  do  not  appear  in  this  ca^e. 

{SyU-tbtm  ffff  the  f.'yiiW. ) 

On  order  to  nhow  oatme  why  an  injnnotion  Hhould  not  iBBiie  tentrvning  the  distiharge  of 
into  the  Pansaic  rivet, 

E.  I..  Pt'lrr  and  T/fumtf  .V.  JfCn'trr^  for  thfl  onlor,      '.',  P.  /titut  and  J.   H^  fJnffffH^  fonlra. 

Muf<[i'[^  C,  Tbc  c<iii]|tl;utiant  vk  a  iiutpfiratc  bndy^  nom^ioaud  of  uoinmiaaioner*  who  an  fi^iffl 
time  to  time  rlectcd  by  the  Uy^iii  vnttTs  nf  the  city  of  New,Lrk,  and  i*t  chargi'd  by  atJitnte  with  U* 
cioritrol  and  matia^'-inent  of  th<?  aiippiy  of  "pure  and  wl]ole»omp  water'"  foi  that  city.  Amonif 
nthur  powers  conferred  liprm  it  in  anth^rrity  to  maintain  a  Htiit  at  law  or  in  equity  for  ijijufy,  Uv*- 
pai**.  or  nnbauco  ti>  waltr-couHiCB  and  ap|>aiBtUH  tioune^Jted  with  the  wntflr-worlcH  which  «*  cm- 
fidefJ  to  ita  i!are,  P.  L.  1860^  p.  44.'2.  My  an  act  of  the  lei^iAlature  p^iwd  in  tlie  year  l^HI,  ft 
eor|H>ratiuii  known  aa  the  "Newark  Ai[iiediiet  Cumpany  *'  wa*  ificorporateil  by  the  nutav*  "  Th< 
PreHrdi'nt  and  J^ire'.'turti  of  the  Newarlc  Aq^oediict  Company/'  fur  the  vi'Tpoi^t;  of  fumiahing  WitLrr 
to  the  iahabitantq  itf  N^vwark,  anil  wjm  etnpowurf^l  to  make  use  of  iiny  Bprini^  or  spring*  that  il 
mit:ht  think  necoautry  to  use  for  the  piirfrfMe  of  obtaining  a  supply  of  water.  P.  L.  IS*H1,  p  10 
Hy  a  supplement  to  that  jv^t  of  Lue[>r|Htration,  which  waa  approved  Pebriiary  IT,  l!:€T.  (I'.  1#.  19,  t  H 
waa  recited  that  the  inty  of  Newark  wan  rjipiilly  inureaKin^  in  jiopulatioii.  an'i  thfit  many  addUi'Hial 
ipriug*  and  '^  other  soaraes  of  water  ^'  were  to  be  formd  in  the  vicinity  of  !*7cwurk  whit^h  '^fmld 
Iw?  made  available  by  tlie  eompany,  but  which  the  company  could  not  jiurchnw  tbnnij^h  "priTat* 
n^otiatiouA,"  and  iKJwer  wa«  therefore  given  it  lo  «eareh  for  water  And  to  take  by  n>ii'lr<irinal^4it 
By  the  act  of  the  Irgialaturi;  uppruveil  March  'Xi,  181X1.  {P.  L.  443, )  above  rrfencd  to,  Lbc  city  ul 
?4ewurk  wjt4  authorized  to  buy  the  property  of  the  aqueilcict  companv,  and  thereafter  Ut  take  mif- 
Kcioiit  wati'r  to  supply  the  city  of  Newark  from  the  nonrcenof  supply  which  the  oqti"  duct  omnpaei 
then  UBe<1  or  wka  emftoweted  to  uaa,  and  "  from  any  other  T^ourcpn ;  *'  and  in  order  to  makr  oihrt 
■uureeii  of  water  aiipfdy  avaiUlde  a  metlio'l  of  condemning  water-righta  waa  provided-  In  ptirau- 
ancD  oF  the  authority  thus  conferred,  the  mayor  and  Ciiminon  oounci!  i,i  the  01I7  of  K^waflc 
purchased  the  plant  of  tbc  aifTieduct  i^umpnny.  In  IS67  the  ]>EjpnlAtion  of  Newark  hwl  ao  lar^^eh 
incrcaiwd,  anil  the  ileinand  for  a  ^freater  nupply  of  water  haii  become  #n  urcent,  that  the  eoniiklalii' 
aTit  purcbaaed  about  \'i  aorea  of  land,  lutving  a  fronta^;fe  of  almut  tf,(H>t^  feot  upon  the  wi!«t  hmiik  of 
the  Pasaaio  river,  about  a  mile  altore  the  viilago  of  Belleville,  upon  whlok,  at  eMnNidetabln  oo«t,  it 
luiii&ed  a  pumping  xtAtion  to  lie  bnilt,  fr^im  which  water  han  aincc  Iwen  pLimpf-d  From  i\f  Po^sike 
river  to  a  large  rooeivtug  reiu'rvoir  oonatriieI«ii  upon  high  gruuiid  alK-ut  a  mile  fr«:im  tbi<  pumfjia^ 
Mjition,  and  from  thence  dittribiite'l  to  the  city  of  Newark,  two  niilea  diritant,  and  f^^  bl^oininc 
tow^4,  for  domcHtic  aud  other  uneH.  In  LSI^,  afti'r  the  cmupluLion  of  tlie  pumping  fltntinn  and  (he 
receiving  rcHnrvoir,  all  duiirce^  uf  wati:r  aupply,  other  th;ui  th«  PaH'wkici  river,  w<-re  alMiirtoned.  In 
the  luiqui-ition  of  thin  plant  the  rity  of  Newark  expflnded  upwards  of  t!,<'HO,(K)i»,  Tha  w«»«  il 
tak'^H  frum  the  riviT  a^Ta;;e«  l!>,(KiiT,liO<^  of  ^allonfl  dailv.  anil  is  diatribnted  U>  uxarlr  'iCH  'K-o  ;  ^  - 
■mnK,  wbo,  by  p^yii^i;  wati.T-ratct,  confer  a  l&rge  revenue  Ut  bbe  maiiitcnanot of  tho  Whtrr-w  -'k- 
and  tlie  paymeat  of  the  iutcreat  upon  bondB  that  wen  iaaued  by  tlie  city  of  Newark  for  Uun 
oonatTaQtton. 
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The  tide  ehhH  aud  flowa  in  tho  P^nuic  river  at  the  point  nt  which  Newark'n  ^iipiil)  of  wutot  ia 
tihkeii^  oud  fof  a  iliAT^nct?  uF  ubunt  livi^  tqiIa^  aI>uvi?  ulcit  p<>Larr,  iLtid  miL*  inili;  abuv<^  tbt  ijit_v  ei 
Pwtaaia,  An<i  within  th^  mime  limiL^  the  rivor  ia  in  fjhct  uav^^nble-  The  oity  of  Piuauic,  b^vmiif  ik 
liujmUtion  of  upwjfccJa  nf  IO,lK>i»  permiHB,  m  situate«l  upon  th«  wpnt  Imrik  of  the  tiver^  four  mil*!* 
aboTti  the  intalct  of  the  water  for  NowafIl  Ii  wah  tacurfiDr&tcil  Ln  Il^T;;^  \P.  h.  ISlli^  p.  4>>4,)  JUid 
ID  1875  (P-  L.  ItiTT^  p  TiTlJ)  wub  autUoruvd  ti>  cjiu^  po^'oth  ^nd  drainn  to  be  uoUBtrnL'tcd  in  uny  p*rt 
i»f  thv  uity.  Id  purAuuucc  of  thu  pi>wer  it  hm  liktifly,  k^iLinit  tlii'CompUincLat'B  proteiit,  i-Miitracted 
with  tUu  other  defeadants  hi-'rnia  to  eunHtnLt:t  a  nmiu  newer,  witli  iiovi.'ral  lattml  Hiwurii  eiuptjitig 
into  it,  nod  tu  Hii  budd  thu  muiii  stwer  tlmt  Ltd  cojit«ntA  will  be  itifii^boi-geEl  intu  the  PanaHio  river. 
The  |>Lant«  for  the  pn^poAod  cooBtnintiou  con  torn  pi  ate  icweia  o^^regatiog  '•yjV'M  feet  in  Icngthn  &nd 
tha  ilmnu^  cjf  110  dwell iug-hou&e&,  ctintAinii^g  InrJliinhubilAUtH,  Hhu|fl,  Htorth,  i^nil  manutaetotieH, 
in  whleb  lUi  peoplu  am  emploj'ed,  and  a  jmblii;  ichuul  nttcndeil  by  about  4<10  pnpilH.  The  ]ionioli 
Qf  thv  aity  ill  whit:b  tUe4e  drMinH  are  to  bv  locutecl  ih  i^pidly  building  up  and  inonnsiiig  in  popiila- 
uot;.  The  aowvra  will  not  rtotive  the  aiirfiioi>  ur  rain  wat«r,  but  M-ill  lie  cleared  liy  meanB  of  fimih- 
liijik«,  and,  w  it  ih  uHtimated,  wid  daily  disoharge  into  the  Pasiiaic  river  if<),0(>0  galiona  of  filth  from 
privii-fi,  iinkft.  and  faiitdriss.  Ht-alth  statinticH  exhibit  that  during  thepo^t  y**ar  ^  per  cent,  of  the 
dcathR  in  Pmmuc  were  caused  by  typhoid  and  Acarlet  fevers,  diphtherian  ehiilera  mfantum,  and 
ilyi«atrry,  and  it  i^  insir'ted  that  thi?  foul  r:icr't'i  nf  patientd  milTerin^  with  those  diaeaaoA  will  hr 
caiTJoil  into  the  Pan*aic  river  through  the  proponed  wweni,  and  therefrom  germ**  of  thoHe  diHeAii«H 
will  lx<  pnmpt^J  to  thf  eompljunnuit's  dinlnlmtin^  rcAervoir,  and  be  dli^tiibuted  to  a  large  population, 
fmdaii^rnnjj  itu  liialth.  To  icDure  thi-  prohibition  of  the  proponed  dieoh&rge  of  theiw  sewera  icto 
the  P4--tuiit:  river  is  the  object  of  thih  suit. 

Thu  couiplaiuaut  talceb  the  position,  in  the  first  place,  that  the  proponed  sewage  will  pollute  the 
watiT^  that  it  HitjipUofl  to  N^ewark  und  other  muniel[}alities,  and  will  thereby  create  a  nuinance 
cHpeeJuliy  iniuUEiUfa  Ui  th<^  complainaikt ;  and^  iu  the  second  place,  if  it  should  be  determined  thai 
the  complainauL  wili  not  lUiataiii  a  hpeuial  and  diAtmet  injury^  jt  ia  neverthi^leHA  i-mpnwervd  by 
■fHKial  atati^t^ry  authority  to  maintikin  this  auit,  if  injury  wili  rennlt  to  ib  at  all^  though  it  be 
raurely  in  oommun  with  th'.'  remuiodur  of  the  puhlio.  To  thiR  the  detendant'*  roply— /''d'jrf,  that 
the  iMunplmuaut  hni^  tio  right  in  the  wutere  of  the  Paeifaic  river  which  ia  not  cuninton  to  all  citifena 
of  thi^  utate,  anil  ihat  an  injury  to  mob  a  right  cannot  rcHuH  in  «ucb  □  fipeLial  and  peonhar  injury 
thnt  will  L'ikablo  the  complainant  to  mainiaio  thia  finit  in  itb  own  name ;  irritml.  that  in  absfnee  of 
«nch  Hjiecial  injury  it  lia'>  no  authority  to  maiutnin  thia  Auit ;  IhwJ.  that  if,  under  the  to^aiation 
from  whtoh  it  derives  itn  powers,  the  cumplalnaut  haa  obtained  a  liintinct  right  to  tho  wamr  of  the 
,  Pon^o,  Bueli  right  doei«  not  clearly  Apf>ear,  and  -liould  be  eatabliehe^'l  at  law  bt^fore  the  iaauance  of 
the  injunctiun  unight ;  and,  fourth,  that,  in  point  oE  fact,  the  proposcf}  diaeharge  of  thp  Kwaga 
will  not  pollute  or  uthr-rwise  injurtiuipdy  afieot  tht  watera  of  the  Pa«^ic  at  tlie  T^eivark  intake- 
It  LA  weLl  eHLabUshed  that  the  title  bo  navigable  tide-water  and  to  lands  under  navigable  thie-wa tor 
Ih  in  tlir  state  for  the  support  of  rig htn  therein  whieh  are  common  to  the  entire  public,  Boch  a^  the 
rights  of  navigation  and  liahing.  Without  cxprem  grant  from  bhe  vovereign,  no  individual  ean 
obtihtn  Hpei-ial  righta  in  cither  tho  wuTdr  itAtlf  or  in  the  Und  under  iL  Riparian  nwners  have  no 
npuoial  nghta  in  navigable  utreamn  in  which  the  tide  ebba  ami  Sown  by  reatnu  of  adjaocTioy  to  a'ich 
atream,  other  than  alluvion  and  deri*Iiclionr  Tho  rii,ditH  common  tu  the  puidic  are  enjuyi-il  by  the 
ripuiati  owner  in  oammon  with  othem.  All  thac  he  gaina  by  adjacency  to  thu  water,  in  addition  to 
the  contingimt  rightn  Viy  allavion  and  derelictiua,  ia  ounvetuence  in  the  enjoynient  of  the  oomoion 
I'ight^.  StevenA  v.  Railrnad  Co.,  <S4  N^.  J.  Law,  Ti^^i,  The  rule  ia  differt-nt  with  refip<<ct  to  tint 
riparian  owner  on  a  navigable  Htrcam  in  which  the  tide  does  not  ebb  oud  flow-  Tbere  hia  title 
entvuds  ti>  the  land  under  watfr  to  the  middle  of  the  stream,  and  to  fluch  uae  of  the  wAter  aa  will 
hot  wovk  injury  to  the  rightp  oF  other  riparian  owners,  or  be  materially  lietrimental  to  the  public 
«aaemei>t  of  navigation.  Attorney  General  v-  Itailroad  Co.,  ^  N,  J^  Kq.  1,  b,  5!(d;  Cobb  v. 
Davenport,  Wl  V.  J.  Law,  nm. 

Ah  the  Pa3£''.iE  river  nt  Newark  h  water  intake  ie  a  ^dal  stream,  that  city  ban  no  apecial  rij^t  in 
tb«  water  of  the  riviT  in  virtue  of  it^  riparian  owDenhip,  nor  can  I  «ee  bow  it  can  claim  such  right 
undar  the  li'i^alalhm  to  which  I  have  rrferred.  It  ih  obvious  that  the  legi»lat«re  had  in  ticw  the 
taldnL-  of  water  noiiroi-H  Ity  cood'^niiiatiori,  and  that  it  did  not  contemplate  a  grant  of  any  part  of 
the  public  domain.  The  act  of  iSmi  authorizes  the  nne  of  uprings  by  the  aqueduct  oompany,  Tba 
mot  of  [SQ7  e<itended  the  eompauv's  (wiwr^r  rtf  oondemnation  to  additional  springi  and  ^'  other 
«oaroe«k'^  And  the  act  of  IS*^  gave  similar  pofrerd  to  the  cumplainant  reapectmg  all  aouroea  of  itfl 
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w»(«r  bupply.  No  words  indicativi!  of  an  iatcntjon  to  j^ruit  puh]ii7  rights  wure  atttd.  The  mlr  Li 
well  HctLlei  thnt  genera]  4tii1  inilclintto  wiiriiH  in  ■  statute  wiU  not  puna  nuy  preni^jtbjve,  rijfbt^  litlt 
in  int^ftiAt  t»f  ttii'  Moveritign.  !□  Truatiwri  v-  City  of  Trflutoo,  ^  X,  J.  Ei|  fMVT,  fl?S.^,  Mr.  Justli-' 
l>Ej>rK  Bays:  "  Tlii^  oommon-Law  it-jo trine  in  thnt  whrrr  the  king  tiaeany  })rprogiitlve.  right,  title, 
or  intEresl.  anil  tbp  itlutnte  ih  ijcnui-ai.  lie  aball  not  be  barred  of  thvm  l>y  the  geueiitl  word*  of  tlxi 
Met,  for  the  kir>g  phall  riot  bo  buun'l  uuJeHji  the  statnte  if,  made  by  lixprepA  woniia  to  patfind  to  bini. 
M^^cJ»len  Collejjf  O.n.',  11  Coke,  74 ;  Willioti  v,  Berkley,  1  PIdw.  2311;  Buo  Ahr.  tit.  'SbitnU-' 
(  K).  Indipontlently  i)f  miy  liuutrim.-  fuiinilej  on  th  ■  notion  ot  lireruyativu.  tJie  smiie  aim>|[iwtWii 
ongbt  tu  ptevAil,  foimticd  upon  tbo  legmlativc  Jnt«uU  WUgtg  tho  govf^niinenl  m  not  BxprciHly  <ir 
hv  necftinary  implieatii-n  inolluli'd.  Lt  ougbt  to  Ije  uli'ar  from  tim  natiii«  of  tbf  mimJdefm  to  l"i 
r^iicht^,  or  the  UngilBi^e  uiied,  that  the  government  ittwlf  waA  in  contf^rnplutlon  of  the  Ivgialaliii^ 
liefore  a  court  uf  kw  wonM  lie  Hiith'iitxod  to  |mt  a  I'oni^ttilL'tiou  on  ■  alatiite  whiuU  vruuld  alln'l 
its  right*  ''  The  Barn**  ind^^r  in  bin  I'luu'gk.'  t<t  the  jury  in  Scernna  v  Itaiboitil  Co..  m4  re|Kjrted  in  'M 
N  J.  Iaw,  Tin.  inaile  iih!  of  tliia  tnnHni^e :  "  Tbu  ilisUni'tinu  )>ei.wei'n  the  gtunt  nf  ■  inim  fns- 
ehiw  Bn-I  a  grant  of  a  (nn  tion  of  tbe  (lublie  domain  i<  biTMuiiy  markxi.  With  r«peol  (i.  the 
latter,  efae  rule  ia  invariiLbly  nobi?fed  i»  that,  in  caaca  of  di^uht,  the  grant  in  1u  bn  ainntnufd  tn 
favor  of  the  itnto.  ami  ma>t  utrungly  ugaiu't  Ibe  granite,  who  will  take  nothing  not  clearly  gii'D 
Kim  by  the  Km-nL  «  *  *  \u  intent  ui  alienate  any  portion  of  them  ^'itiuint  any  oouaiilervUun 
will  not,  in  th?  absence  of  a  forma]  grant,  in  fxpresA  wordn,  be  implied,  elcfipL  np*in  the  deaniKt 
neoesdity  to  elTovtciato  tiio  purpose  of  the  Ipginlature  in  investing  the  grantee  with  poblie  frin- 
e1ji«e3.^'  In  the  Hami-  cuie  in  the  con rt  of  errors  and  appeals  (34  N- J.  Law.  r>5<^)  Uhief  Jnatln 
Br\9I,ev  •a.yn:  "Tbe  atsie  m  never  preniimed  tn  have  parted  with  any  pait  of  iis  property  in  Ihr 
ah^enct'  of  cmiuluBive  proof  of  an  inuntion  to  do  utr  Suoh  pr'N>f  mnBt  exiHt  ritber  in  exprH* 
termn  or  in  noceA^ary  impli^^ation»  1  ahall  not  flito  aillhoritiefl  to  anitain  ao  fanidiar  a  prcpon- 
Ijun  "  rttnto  V.  Bentley.  Si  N.  J.  Laws,  5:18  ;  Plonrietors  of  BriJgi'a  v.  Improvement  Co  ,  1> 
N.  J.  Eq.  114 ;  Water  Coin'rs  v.  Hiidaon  City,  Id  +il» ;  Townfend  v.  Brown.  *-M  N.  J.  L»w.  S7  ; 
llaukiii!:  Co   V.  llailroa<lCo,  ll<  N.  J.  Btj.  4111,  4.til;  Emil    Interji.  St.  li  3S4 

AllhoHgli  it  may  Iki  jiroper  in  som^^  niea-nre  to  rela^  the  ntrict  appliualion  of  this  mle  in  thi" 
.lase  of  s  piiblio  bocly  itcni1.-iI  c-snentially  for  a  priblio  purpose,  like  the  I'omplaiiiaiit  before  roe,  yei. 
even  there,  tiiere  must  b.-  nonie  maiiifetitiition  ■•£  th','  legUhitive  intent  to  grant  pnblic  cighta.  I 
Imve  bojn  refprrod  to  other  legislation,  having  tot  it»  object  the  prevention  of  tin-  pollution  ot  Iht 
water*  of  the  Pmaio  within  the  boundaricii  of  the  munlieii  ol  l'.«.>ei  and  Hndwin,  (P.  L.  IfTl. 
p.  083.)  aa  indicative  ot  legislative  reongnitiun  of  right  in  the  eotiipliiiiiatit  tn  taki.'  walj'r  from  the 
Puuio  where  tbe  tide  ebln  and  flowt ;  bnt,  in  view  of  the  faot  that  previont  to  that  h-KiaUtioo 
the  legialatnre  eipresnly  anthoriieil  the  city  of  .(erwy  City  (P  L  IHtvl,  p.  4Ilt|  and  th--  Harrixia 
Aqueduct  Company  iP.  L  1801,  p.  T.51)  and  posaibly  ntbcr  corporation  a  to  take  l.lie  Piumalo  watrr 
•t  the  Ineality  indicated,  the  legislation  referred  to  may  properly  be  regarded  ai  relating  to  pm- 
teotion  of  the  righla  thui  given  At  alt  eveoti,  there  It  nothing  in  it  lo  Biitisly  mr  that  it  ■imiild 
inRueDiit:  the  eocitniotioQ  of  the  complainant'i  rightji,  an  hern  eontenile^)  for. 

It  Ih  not  nouesHary  lo  determine  what  right,  it  any.  the  0"nipl..inant  may  have  In  oommon  iTltb 
the  publio  lo  tnkt  water  (rom  the  Pasniio  for  the  ii»e»  to  whieli  it  devotes  It.  If  alleli  a  rlnhl  Is 
•injoycd,  it  is  a  common  right,  the  iuterforBnco  with  which,  by  pollution  of  the  w^ter.  ilo»i«  nut 
work  a  private,  ilir-ot.  and  mateiial  damage  to  theeomplainimt  distinet  from  thalwhioh  la  fiUlTemI 
by  th-?  piiblii;  at  Inrgc.  and  wb'ob  is  nreesiiary  to  enaUn  an  individual  to  maintain  sneh  a  lilil  «• 
that  whic!i  is  beforu  rno.  It  i»  true  the  injury  to  tne  coinphlinant  may  Iw  jireatiT  than  (>■  olhm 
of  the  publio.  b'.Mjaiiar  the  eompininant  makes  eW^nsiro  nae  of  the  water  fur  pnrjmsea  which  will 
nut  admit  of  its  ]Hilliition.  while  other*  may  make  but  little  eimilur  iiho  nf  it,  uM  olliei»  yet  may 
not  use  it  at  all.  Il:it  the  Injury  t'lall  i>in  it<  oharacCer  and  eavnce  the  same:  thedifFeiciiooisnnly 
in  dugreo  In  the  ib-enee  of  the  distini't  injury  to  the  complainant,  it  cannot  maintain  thia  soil 
Wh-'te  a  nuiaanee  is  purely  public,  th'i  proceeding  in  this  court  to  restrain  it  inmt  lie  by  infnonn^ 
'ion  by  ttia  alUirney  gi'neral.  The  hUt«iory  snthority  under  which  it  is  insisted  the  lUimptainaRi 
itiay  maintain  thia  suit  i»  contntned  in  the  aiith  section  of  tiie  act  of  ISIIO,  aljove  refrned  to  Thi> 
■h^i'tion  pnividcs  ^'  that  the  ^Jewark  Aqoeioct  Board  "  nmv  proaeoii(«  an  aetlnn  or  proema  at  law  "i 
in  equity  against  any  perimn  for  money  for  the  use  of  water,  for  the  br(44Tb  of  any  oontraot.  "  and 
aim  for  anv  injnrjr  or  trespaia  or  nniaance  done,  or  caused  or  ptoeiired  to  be  done,  to  the  wktar- 
cuuTsea,  pipes,  machinery,  ot  anj  apparatna  bclougLng  to  or  conireeted  wir.h  anv  part  cif  the  worki^ 
or  tor  any  improper, use  or  waste  of  the  water.'     Aa  the  eontril  and  manageui'iit  c<f  all  that  fn 
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taint  to  Newark'nwBter  supply  wu  committed  to  tbe  Dompt&iiiint  ImuiI.  It  licoitme  oonvemenl  hdiI 
[iniper  ttiAt  it  Hhoiild  be  frn&hlc^l  tu  mbki'  ^ontjHcta  and  enforce  compliimL-«  vrith  Uicui,  nni\  at  tbe 
Kami:  timii  Ui  pnjteiit  tlie  tiroperty  plaeeJ  iu  it*  charge.  For  thcBi'  [lurjHwn  il  waj-  ({iTeli 
»  curpnnite  BiLiae  and  exiHtcncn.  Iiiit  I  fin  J  iirithing  in  thin  Ic^slutiuii  wlikh  ulnthi^i  tlie  vuiiipliLinuil 
wltli  power  tu  lie.  mnrt  ihiin  »n  iiiiiiTidual  could  di>  in  the  protfli:tion  of  hit  own  property.  It  dm" 
uDl  authuriie  praceeJinga  uithcr  in  tlie  namu  of  the  state  or  ia  ttic  nune  of  tliL'  attomity  genoraL 
Tlic  injiiiy  contemplated  wna  etiiicntly  iiijury  to  private  righlt  only.  It  waa  to  apparatliN,  pipe*, 
maphinery.  and  watcr-toursen  connefluil  with  the  com  plain  ant's  worka,  that  i«,  injniv  to  witer- 
oDunm  in  whioti  tlie  complainatit't  princiiial  had  (ome  special  right  of  property.  The  IcglKlation 
L-ritlnutly  wan  .iiaii(;ned  to  heatow  a  aotporate  eiistenoe  apon  the  aiiueduct  board  tor  oerlain  pur- 
imw".  snii.  fttuoiiK  theiu,  to  maintain  suits  in  its  own  name  for  the  protection  of  the  prcjierty 
iolrustod  to  il  in  the  some  inunnot  as  an  individual  owner  of  that  property  might  sue  for  liit  own 
proli^'lioii.  The  ooniervatioa  of  public  intcreiu  is  with  the  state  and  its  attorney  general,  and  itn 
hoatiiwsl  by  the  IcgislamrB  u]«in  another  agonoy,  like  the  grant  of  piibliu  domain,  shoold  be  by 
oiprrss  language,  or.  at  leuaC.  by  that  from  wbioh  (be  power  must  be  necewiirily  implicil. 

It  fi.lluws,  from  the  views  that  I  fiave  taken  of  the  quoitions  thus  far  considered,  that  the  oom- 
plaiuant  has  not  shown  either  authority  to  maintain  this  suit  in  behalf  of  the  public,  or  snob 
dijtitiDt  speoial  rights  in  the  watera of  tlie  Passaic  river  as  this  court  Hill  feel  Ipoimd  to  protect,  or. 
at  best,  that  it  liaa  not  shown  tueh  autliority  and  righu  established  by  a.ljudication  in  this  »Utr. 
■■  N.i  rule  of  equity,"  say*  Chief  Justice  Beasi.ev,  in  Coach  U.i.  v.  Riilroad  Co. ,  29  N.  .1.  Kn-  '.W, 
SIM.  •■  is  iKiter  seltleri  than  the  rloctrine  that  n  complainant  is  not  in  a  positjon  to  ask  for  a  pre- 
liminary injuBUtiou  when  the  right  on  whioh  he  found"  hia  claim  is,  as  a  matter  of  law,  unsettlpd." 
.Kail  in  (he  hitc  cusb  of  Haggetty  t.  Lee.  45  S.  J.  Eq.  iB.>,  IT  Atl  Hep.  (fJli,  Mr.  Justice  Dri'i>» 
rcitetatuB  the  rule  thus  stated,  m  this  language :  "  It  is  impossible  to  emphame  too  slomgly  the 
rnle  so  often  enforced  in  this  court,  that  a  preliminary  injunction  will  not  Iw  allowed  where  either 
the  e.inii'liiinant's  right  which  lie  see!;*  to  hani  prolmtod  in  limi-i'  by  an  interlocutory  injimctioii 
ra  in  doubt,  or  wliere  the  injury  wliioli  may  result  ffini  an  invasion  of  that  right  is  not  irrrp- 
•nhle." 

It  W  been  urged  that  the  oonteqiienoei  of  the  con tom plated  drainage  will  be  so  disastrous  and 
inepiiuble  that  1  should  not  diimiss  this  B[iplioiitinn  without  cnnsideiation  of  its  merits,  and  giv- 
ing snro"  rtprcBiinn  of  op'iiion  as  to  them.  It  is  a  well-settled  rnle  of  equity  procednr-  that  an 
injunction  Ui  i-eftram  u  nuisance  will  isiuc  only  in  cases  where  the  fact  of  nitiHance  is  made  out 
upon  determinate  and  satisfactory  evidence.  If  the  evidenoc  be  conflicting,  am]  the  injury  lie 
doubtful,  rbat  will  uonsiltute  a  ground  for  withholding  the  injunotion.  'i  Story,  Eq.  Jur,  K  \i'H/i ; 
Attorney  General  v.  Heihiion,  IS  N-  J,  Eq.  410.  And.  wh^re  the  interposition  hy  injurictiiin  is 
•nnght  to  restrain  that  whioh  it  is  apprehended  will  create  a  nuisance,  the  proofs  must  show  that 
the  apprehension  of  material  and  irreparable  injuiy  is  well  grounded  upon  a  slate  of  fact*  wliicli 
>llow  the  ilangvr  to  lie  reat  and  immediate  BrtiulUine  v.  Mackintosh,  l^t  Uass,  iiib-  The  com 
piainant  grounds  its  apprY'hension  of  danger  from  the  defendant's  sewage,  if  discliarged  inUi  tb 
river,  largely  upon  the  opinion  nf  Peter  T.  Austen,  who  is  employed  by  it  as  ita  ohemist.  and  «ht 
is  also  a  prof^nsor  of  chemistry  in  Rutgers  Collei:e,  at  New  Brunswick,  in  tbb  state.  This  gentle- 
man, assuming  that  both  floatioB  and  dissolved  mattijr  discharged  into  the  Paasaie  river  will 
Tench  the  Xewark  water  intake  within  a  few  hours  after  its  discharge,  and  be  pnni|ied  into  the 
reiocvolr  and  dintributed  to  the  people  ef  Newark,  proceeds  to  discuss  the  elfeot  of  the  use  of  such 
polluted  water  Qf ion  the  health  of  it*  oonsiimer4.  He  saya:  "  E<tpvrimental  science  ha^eatabliibed 
the  fact  that  a  large  nnmher  of  diseancs  arc  oommimioated  from  one  person  to  another  by  means 
df  minnte  oiifaiii^mH  known  an  mirrnbrw,  bartpria.  btu-filli,  mirrfimcei^  etc. , 'or  more  ffopularlj  as 
genna  The  sommnnicability  of  disease,  as  in  cases  of  small-pox,  saarlet  fever,  diphtheria, 
svphilis,  etc  ,  is  well  understood  by  the  public  The  germs  or  Timaof  these  diseaaes  comes  in  con.- 
tact  \vith  the  proper  membranes,  and  proceeii  at  once  w  develop  and  cauae  the  apeeilic  functional 
rlisordera  known  M  disease  There  is  good  evidenoe  to  show  that  disease  tuay  also  be  cooimnnicated 
by  water,  if  the  water  contains  diaeaao  germa^'  The  affiant  then  refers  to  instances  in  whieb  the 
prevalence  of  typnoid  fever  in  a  eommuDity  was  attributed  to  the  nrreta  of  the  tj-phoid  fenr 
patient  in  water  from  which  the  inhabitants  drank.  He  thinks  that  the  albuminoid  matter  in 
■ewage  in  anllicient  ituantity,  and  umler  favorable  circumstances,  will  f-<od  disease  germs,  and  mul- 
tiply them,  and  that  the  putrefoatiun  and  decomposition  of  the  alhuminnid  substances  mav  pn>- 
dnce  poiaonons  nitrogenoua  snbstatiGea  deleterious  to  health.      He  further  atat«d  that  although 
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k  lurtiou  of  the  Hilid  matter  in  Hw&ge  may  eink  to  tbe  botiom.  or  become  rutengleil  witb  iim 
vegetation  on  the  bbnkb  of  the  river,  the  Holuble  matter  will  atill  !»&««  on,  nw\  the  nnliU  oiHtter  titai 
■iakii  <>r  beeuinefl  entangled  mny  Aooii  forment,  putrefy,  vni  decuiii|juBeT  Htid  rm|nTt  to  tlit  Hftl«r 
ilb  |iroElcii:ta,  Jinil  tb4t  m  prueeAH  uf  jleauiDpoHition  ^uoea  will  be  generated  whli^b  will  caiLiif  lite 
solid  matter  that  ooutaiiis  tbem  tii  tioat  witli  tJie  current. 

In  odilition  to  this  sfliiluvit  the  cuinplainaat  |>n>[lui:ed  the  ile(wutiuDii  uf  Cb&rlw  Jauol»oa.  it* 
civil  eni^inueT,  niid  t^vo  of  it^  water  i]]fLpei:tora,  which  nbow  that  iJi  Oc^t^^bcr,  I88S,  Mr,  JactibaoiiH 
nccompanied  hy  the  two  inripeotorH.  wiMit  to  a  i^oiut  in  the  Pqaukie  rive]\  Ht  ubont  the  plooe  whci* 
tfte  defendant  propuooh  to  dischm^  itb  tuiLiii  eewer,  at  u  time  when  the  tide  iii  the  river  woa  ml  (nil 
ohli  flow^  add  the  vuUiuie  and  onrrent  waa  at  iilMiut  the  'ivet'H^c,  and  vben  little  or  no  wind  uh 
lilowing,  and  placed  four  tin  floats  in  the  water,  and  then  followed  them  Hi  their  eount  dnwn  tlw 
^tjeam-  Thre  -  of  the  Huat^  heeame  etEtaagietl  in  f;ra>iA  alon^'  the  ^Jiorc  of  the  river,  but  tbe  foorUi 
went  to  the  intake  of  the  water  for  Newark,  a  dirtatiuv  iii  hIjiiui  ^.^iOU  feet,  id  four  huun  anrl  two 
niinutc-i. 

In  reply  to  the  affidatit  of  Profehnor  Auateii,  and  in  ^upfKirt  of  the  anawer^a  denial  that  fJie  rlis- 
iharge  of  iti  iiewai^e  will  [xdlut-'  liir  waters  uf  the  Pasasie  river  c>r  ereatu  u  uuiHUiee  therein,  the 
defendant  produced  the  Ue^krHitJoii  of  Henry  Wnrtfl,  formerly  slate  oheiriiKt  of  New  Jer«e3 ,  Mi, 
Wnrtn  Htates  that  he  La  by  profeniion  a  eheniist,  and  that  fi,ir  the  lant  17  or  IS  yeum  he  haa  made 
•peoial  study  of  the  waters  of  the  Pasnaiu  river,  onii  umay  analyse*  of  than-.,  .Speaking  .if  «uoh  aoal- 
ylea  made  by  him  in  1881  and  IF^^-,  lie  Aa>B  :  "  Tlieae  onulybeH  were  i^o  planned  V  to  fctllow  np  the 
ehangea  that  mi^ht  lake  plaoe  in  the  coiiiponituui  of  tbe  river  from  4l>ove  Pooaaic  KalU  ticjvii  lo 
the  outlet  of  tike  Dundee  uanol  luto  the  ti'lol  chitneel  at  Pas^Jlie,  t.howin[;  the  L'(Tet.-t  on  the  aewaff* 
of  Paler^^ii  if  fluwed  throuf|;}i  the  open  air  Above  the  falln.  the  total  amounta  of  nitrogen  In  the 
walit  in  all  futioa  by  three  analvaes,  made  at  intsrvala  of  surne  weeks,  were  it317,  .irjsd,  ami  ,OJll*i. 
and  in  the  mean  ,tl2U7.  grain  [ler  ip^llon,  while  at  four  and  a  half  niilen  below  Ihi^  falls,  at  ihf 
Broadway  bridge,  the  fi^jiires  were  .085-,  .Oai.'i,  and  .ICkCi.  in  tbe  mean  .liydli.^nly  4  per  oeiii 
more  than  abrjvo  the  foils.  Thus  in  this  four  and  a  half  miles  of  flow  almoet  the  whole  effect  uf 
the  Hflwago  of  Pateraon  ftben  having;  at  leaat  .'lO.OllO  people}  had  disap|>eared  Thia  is  an  athivliite 
loss  and  cleetruetion  of  the  noxious  matter,  ua  these  intpuritien  must  ]>aas  off  into  the  air  v. 
ammonia  and  gaseous  nitrogen.  Even  sueh  portion  of  it  ^  in  a^sjirjilated  bv  plant*  and  aninikis 
living  in  the  water  becomes  thoreby  innnfluotjs,  atid  ultimately  paise^  into  the  air  in  these  koiiih 
gaseous  formi."  Tbe  affiant  ileelare«  it  to  be  hi»  opinEon,  subatautisted  by  the  I'einit  of  !>■> 
anaiyeea,  that  the  ixtrogenoiis  and  putrescible  eonstituenta  of  the  sewage  nf  the  eliy  of  Pa.i*»iB 
will  substantially  vanish  chiring  tbe  down  flow  of  four  and  a  half  miles  froTu  Ihe  sewer  outlet  ii* 
the  Newark  in  lake.  He  also  states  tlmton  the  S5th  of  April,  ISI^I.  he  examined  the  aewert  of  tbe 
city  of  Newark  that  empty  into  the  Passaic  river,  and  found  that  they  nunihpr  seien,  ainl  tliat  Uie 
nearest  of  them  to  the  Newark  water  intake  is  tiiat  whieh  is  colled  "  Second  Rivet,"  two  and  a 
qnarter  luiles  below  the  pumpiua  stition.  At  the  foot  of  Clay  street  he  fouild  two  liriek  tunimla 
disebargiiig  directly  into  the  river  ■'  strpama  of  blaek  opaque  w»ter,"  having  a  tliiek,  ultcumit. 
looking  acnm  upon  it.  This  sewer  is  thnn:  and  a  quarter  miles  betow  the  watj'T  intak''.  and  dls- 
ehotgesabuut  li,0(10,lX)(l  of  gallons  of  sewage  daring  the  12  hnainete  hours  of  each  day.  He  furUnr 
states  that  the  tide  iii  the  river  carries  a  portion  of  this  sewage  Ui  the  Newark  intake,  and  fhat  liia 
analyses  establish  that  seven  teen -eighteenths  of  the  present  pollntion  of  Ihe  wal»>r  nt  that  itiUkr 
IS  roused  by  the  Newark  sewage.  It  is  also  showTi  thot  at  the  d'-felldant'i  projmsed  sewer  nnlli* 
the  Passaic  river  i«  about -200  feet  wide,  ami  14  feel  deep  in  the  ohanuel,  at  high  liile.  and  that 
beoausc  the  United  States  government  bs<  remove'l  tbe  bars  in  the  river  the  Mwage  will  lie  ssrpt 
iHiak  an<l  forth  by  Che  bontiniial  ebli  and  flow  nf  the  tide,  and  that  the  tide  fliiwt  almie  ths  oullel 
of  the  sewer  for  a  mile  and  a  liolf,  at  the  end  of  that  distance  rising  about  thieo  >ud  ■  half  fert 
It  is  argue<i  tlint  the  How  of  each  tide  will  send  tile  sewage  back  thia  diatanoe  diliitod  in  a  great 
body  of  water,  and  that  the  greater  part  of  it  will  thus  lie  ohliged  to  Irareise  a  mui-h  greater  Hi«- 
tance  than  four  and  a  halt  miles  before  it  eon  reach  the  Newark  intake  ;  and  It  is  insislwl  tliai  if 
the  Paterson  sewage  from  51I,0(K>  population  disappears  In  a  flow  of  fonr  and  a  halt  mlln  mt-.t* 
tide-water,  that  tlie  sewage  in  question,  from  only  10,'HIO  population,  mnst  moro  oMtaliay  (■i>ij>h 
in  this  greater  flow,  added  to  o  washing  liy  Ihe  tide, 

lu  the  cose  of  Attorney  General  r  Hoard.  I.  R,  18  Eq,  173  ih  18T4.  I  find  that  Sir  Osow'V 
Jbhsei..  M.  R.,  dealt  witli  testimony  by  Dr.  Frankland,  of  the  Royal  Ou1t<ffa  of  CbOlliiatT>  lu 
Bngland,  which  was  somewhat  similar  to  that  which  is  here  given  by  Prufeasor  AnBtea.     Tlun  l»r. 
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FnnkUnd  wid  that  no  Mwage  conld  be  admitted  into  a  river  idthoat  deteriorating  tbe  quality  of 
the  w&tcT.  "The  detarioratiou,"  be  said,  '' tor  WBahmgand  manufsctuTing  purpoiea.  may  be,  a* 
in  thia  caar,  inaignilioaiit  or  imperoeptible ;  bnt  for  drinking  and  cookia^  >>acb  water  beconiea 
tlangeroua,  became,  aa  tbe  riven  poUutioD  commiaBionei-a  have  ahown,  the  aewage  matter  ia  uot 
perceptibly  altered  in  ita  charaotei  by  a  (low  of  Hven  mile*,  and  scaraely  dimiuiBhed  in  quantily. 
Neither  doea  the  (ailuie  of  chemical  anal/ste  to  deteot  any  deleterious  ingredient  imlicate  timt 
dangtr  ia  abuot,  aiuce  the  aatiire  of  tbe  noxioua  ingredienta  which  propagate  anialt-pox,  acarlcrt 
fever,  typhoid  fever,  or  oholeta  JB  imknown.  A  obemical  analyaia  ie  therefore  powarleaa  to  detect 
these  ingre<lieiits-'^  In  the  case  lieforc  m<-  Profetaor  Austen  spi-akfl  of  these  ingredients  ar^  germs  of 
diaeaaa  eallod  "microbea;"  that  in.  germs  bo  mfiniteaiiiiBl  that  they  derive  their  name,  "microliea,"  ■ 
from  the  powerful  glan»  by  tbe  aid  of  which  it  u  olaimed  they  may  be  dutected.  Tbe  theory 
advanced  by  Ur.  Kraukland  was  ooiitradicted  by  other  experts,  and  tbe  Maater  of  the  Hulls.  Iiccauae 
no  imparity  waa  detected  in  the  intake  of  the  Wotkiugton  water- works,  declared  that  a  nuisance 
wa<  not  proven. 

In  Goldamid  v.  CainniisiiiuDers,  L.  H.  1  Ch.  lH'i.  Lord  Jiintioe  Ti'KNEH.  referring  to  the 
tefltimony  of  acieotitio  eiperta  in  a  oaee  of  nuiaanoe.  aaid  :  ''  Speaking  with  all  possible  lespcct  to 
the  aoientifio  gentlemen  who  have  given  their  evidence,  and  aa  to  whom  it  is  bnt  Just  to  aay  Ibat 
they  have  dealt  with  the  case  most  ably  and  most  inipartially.  1  think  that  in  cases  of  thia  nature 
much  more  weight  ia  due  to  the  (acta  which  are  proved  than  to  oanclasiona  drawn  from  soientllic 
invBitigatioua  Tbe  ooDcluaiona  to  be  drawn  from  ecientitic  investigation*  are.  no  doubt,  in  euch 
oaaea,  of  great  value,  in  aid  or  in  cxpUnatioii  and  qnalilicatian  of  the  facts  which  are  proved,  but 
in  my  judgment  it  ia  upon  the  facta  which  are  proved,  and  not  npon  such  mnclaaioDe,  the  court 
ought  iu  theae  caaei  mainly  to  rely-  *  *  *  In  my  view  of  thia  caae.  therefore,  tbe  scientilio 
erideuoe  ought  to  be  considered  aa  aecondary  otily  to  the  evidence  aa  to  the  facta." 

Thia  view  of  si;ientilic  evidence  in  caaci  of  this  kiod  H>  oommenda  it>elf  to  me  that  1  am  cun- 
■traine<l  to  be  guided  by  it  in  the  diapoaitioii  of  the  question  of  fact  I  am  now  conaidering.  The 
application  here  is  to  reatrain  that  which  it  is  alleged  will  create  a  nuibunce,  not  that  which  in  fact 
creates  a  nuiaanoe.  The  injury  is  prospeclive.  and  it  ie  only  possible  to  judge  from  experience  in 
aimilar  caaea,  experiment,  and  the  opinions  of  experta.  whether  the  apprebouaiou  la  well  grounded 
and  free  from  douhL  Here  two  important  circumstances  appear — l-'im.  practically  all  trace*  nt 
the  PaterHOa  «Hage.  as  far  ab  the  same  conld  be  detecteil  by  chemical  analysis,  had  disappeared 
in  tbe  flowing  wati^r  of  the  Fansaic,  four  and  a  half  miles  fmm  the  ptaoe  at  which  it  waa  dia 
charged  into  the  liver,  although  in  that  part  of  the  river  there  waa  Du  tiux  and  reflux  of  the  tide : 
and,  lA-ond,  the  sewage  uf  Newark,  wai'tacd  by  the  tide  to  the  Newark  wator  intake,  readily 
detectable  by  chemical  analysis,  has  not  produced  an  iujiiry  similar  to  that  which  i«  ajipreliendcd 
from  this  much  smaller  quantity  of  newagc,  to  be  emptied  into  the  river  at  a  much  greater  distanvc 
from  the  intake.  In  the  light  of  these  circunii'tances,  it  may  lie  aaknl  why.  it  jmiierccptible  gernis 
of  diaeaae,  Itaugtat  with  danger  to  health  and  life,  continue  in  water  afu  i  all  traco  of  the  srwimr 
bom  which  they  come,  so  fat  a*  lliey  can  lie  detectal  by  the  chemist,  art  lout,  have  not  their 
dangerous  qualitiea  lieiomo  manifested  in  Newark  long  before  this"  Tlii»  eiiiericii™  lu-em"  to  W 
»  complete  netjatiou  of  the  danger  thfory  wltanced  in  eiipport  of  this  applicaticm,  or  in  auDiiieut. 
at  leaat,  to  render  it  doubtful  whether  the  ilanger  a|iprehendeil  is  more  tliaii  cbimiTical.  i  di-'rii  it 
of  Hufllcient  weight  to  justify  m?  in  withholding  a  preliminary  injunction. 

With  reference  to  the  Newark  sewaj.'c.  I  Kliould  add  that  it  i»  not  a  sufficii^nt  i;i™md  tor  i-efu-al 
of  the  injunction  aaked  to  nay  that  th"  Newark  aewage  i»  agrmtcrand  more  rlauRoiouB  uuinauce 
than  the  sewage  of  the  city  of  PasMiic  will  be,  and  liccausc  it  pollutes  the  river  the  court  will  not 
reatrain  the  amall  addition  to  that  pollution  that  the  sewage  of  Passaic  will  make.  The  dcfcndiint 
would  have  no  right  to  add  to  existing  pollution,  even  thouRh  it  bo  iirupurtionally  nuich  less  thmi 
that  which  eiiats.  Attorney  General  v.  Steward,  20  N.  J,  Elq.  4l.'i:  Attorney  (ieneral  v.  Corpora- 
tion. L.  a  S  Ch  5S1 :  Attorney  Oenerjil  v.  Aaylum.  L.  B.  4  Ch,  1«.  I  will  diecbarge  the  ,mlet 
to  show  caime,  and  deny  the  complainant's  application. 

Application  for  iiii  iiijiiiiftioii  wns  it^aiii  made  in  18fl0  and  ft  large 
additional  amount  of  evidence  taken  in  the  fall  of  tliut  year.  Tlie  de- 
ciaion  is  still  ))eiidiiifr. 
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APPENDIX  VI. 

The  following  is  the  Pollution  Prevention  Act  passed  by  the  Vir- 
ginia Legislature  in  1892 : 

AN  ACT  to  present  the  pollution  o[  potable  water  uaed  tor  the  inpplr  of  oitin.     Approved  Ftifj 

aa,  iBie, 

* 

1.  Be  it  enacted  b;  the  Ut^neraJ  AuembI}'  of  ViigiDu,  That  it  ihall  be  anUwfnl,  except  M  ben- 
iiufter  provided,  for  auy  penoa  to  defile  or  reader  impure,  turbid,  or  offemiTe  the  water  uHd 
for  the  tDppiy  of  any  cit>'  or  town  of  tliia  state,  or  the  aouroea  or  itreajua  nacd  for  farDiahiii( 
luch  HUppty,  or  to  eudaager  the  purity  thereof  by  the  following  means,  or  tnj  of  them,  to  wit:b; 
waahing,  oi  bathing  thorein,  or  by  caating  into  any  apring,  well,  pond,  take,  or  merroir  fmn 
which  inoh  supply  >■  dmwu,  or  into  any  stream  <o  used,  or  the  tribatary  thereof  abovo  Um 
poir.t  where  such  supply  is  talceu  out  of  such  ■Cream,  or  is  impannded  fur  the  pnipoara  at 
mtih  supply,  or  into  any  oanal,  aqueduct,  or  other  chaaoel  or  icoeptaole  foe  water  ooDneoled 
with  any  works  for  furnishing  a  public  water  supply,  any  oflat,  dead  lisb,  or  carcass  of  any  aninisl, 
or  any  buDian  or  animal  filth,  or  other  fonl  ui  waiiCe  animal  matter,  or  any  waste  Tegetable  or  min- 
eral aiibstanoe,  or  the  refuse  of  any  mine,  manufactory,  or  manofactnring  pionas.  or  by  divhaig- 
ing  or  permitting  to  How  into  any  such  source,  spring,  well,  reserroir,  pood,  etteam,  or  the  Cribo- 
tary  thereof,  oanal,  aqnednct,  or  other  receptacle  tor  water,  the  nmtentaof  any  aewer,  pri*y.  utaU^ 
OI  barnyard,  or  the  impure  drainage  of  any  mine,  any  crudeor  refined  petiuleom,  chemioals,  or 
any  foul,  noiiotu,  or  oRensive  drainage  whatsoever,  or  by  conitmcting  or  maintain! ug  any  priry 
vault  or  cesspool,  or  by  storing  manure  or  other  Hiluble  fertiliser  of  an  offensive  character,  or  by 
difposing  of  the  carcass  of  any  animal,  or  any  foul,  noiiona,  or  pntreiaible  snbslaDce,  whether  solid 
or  Huid,  and  whether  the  same  be  tmrieil  or  not,  within  two  hundred  feet  of  any  waterconisB, 
oanal,  pond,  or  lake  aforesaid,  which  is  liable  (o  contamination  by  the  washings  thereof  or  perco- 
lation Ihecelmm  :  provided,  that  nothing  in  this  act  cuntainod  ahall  be  construed  to  antboriiethe 
pollution  of  an)^  of  the  waters  in  thia  ntate  in  any  manner  now  oontrsr)'  Ic  law ;  and  provided 
further,  that  this  act  shall  not  apply  to  itreama  the  drainage  area  of  which,  abore  the  point  where 
the  water  thereof  it  withdrawn  for  the  supply  of  any  city  or  town,  or  is  impounded  for  the  por- 
poHCM  of  such  supply,  shall  eicwd  Kfty  square  mileR. 

2.  That  any  person  knowingly  or  wilfully  yioUling  the  temu  of  this  art  shall  be  deemed  gaStf 
of  a  misdeiiieuioi.  and  nhall  be  punisbt^l  for  each  oflWnce  by  a  tinr  not  exceeding  one  bnndred  dot' 
lara.  ur  by  imprisonment  not  exceeding  thirty  days,  or  by  both,  at  the  discretion  of  the  court,  and 
provided  further,  that  nothing  herein  coutaiue<l  Fh^ll  be  su  coMntrued  an  to  prCTent  the  waahing  ol 
ore  or  mineiali  in  any  of  the  streams  or  water»  uf  Ibis  commonwealth  other  tiian  inch  as  may  b* 
used  for  the  water  supply  of  any  citv  f>T  town. 

it.  Thiaact  shall  take  effect  tifte^n  ilaya  after  its  puaage. 


APPENDIX    VU. 

The  following  are  the  Rules  of  the  Xew  York  State  Board  of  Health 
governing  the  preparation  of  such  plans  for  Sewerage  and  Sewage 
Dispositl  Works  as  are  required  by  law  to  be  submitted  to  the  Board 
for  approval : 

The  eipeneni-e  of  the  part  year  han  shown  the  neoessitr  for  a  statement  of  iriiat  tfae  Board  i^ 
qnires  to  lie  conveyed  by  the  plani  aulimitied,  and  of  the  most  dcairable  form  that  tbaae  plaaa 
Mhoold  take.     The  following  suggntiuns  ■»  therefore  made,  and  it  is  requested  that  thoee  iuiOT- 
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ertud  with  tbe  piepantioti  of  plan*  will  follnw  them  u  dIohIj  u  ia  piacticBblD.    Certain  iwrtiou 
muBl  be  folluWEd,  while  connideriLble  Utituiiu  oau  U^  aJlowt^d  upon  otbcc^  kb  inlimated. 

1-  A  pliLD  o£  tbc  vntiro  village  will  be  ruquirfd^  atiowiug  all  ■Li'e«t«>  uuci  so  iax  jib  prautioabiepiD- 
|titBT.-d  Btreela,  ThlB  miiat  ool  bo  on  a  mnaller  ACft^e  ttmn  2M>  feet  tu  an  inuti  and  muy  bo  larger.  A 
oolupTobetisivQ  lifiie,  atu.ciug  wbtht  tbe  utap  purportu  to  ribow,  uiuat  be  pUi»)d  thereon-  Tbe  Boale 
i>f  tbe  map  mimt  be  distinctly  stated,  djid  au  Qxplaiintioa  of  all  tyinbulH  UKod  muAt  be  given  dd  it. 
CiKitour  linti^  nbutdd  be  can-fiilly  locab.'d  and  dca^'u  tu  mterfere  ••m  little  a»  pouible  witb  tbe  de- 
lineBHoii  i)f  otbet  featuru-K,  A  BuBioieiit  iiuniber  of  elevatiooa  above  an  buiuiigiI  ilotura.  written 
Id  ItgureA,  bbould  be.|{iven  to  ahuw  tiie  gov^rnXTig  elevations  of  tlio  ground.  Thv.  elpTationn  of 
sewei  invert  at  critioul  and  ritbtr  iinporuint  point*  should  be  given,  each  surmounted  by  an  oval  ■■ 
a  diAtingidflbiiig  raarlc.  Wben  the  plan  preHenlcil  dnea  not  propose  to  aewer  the  entire  village,  and 
the  street  pioHleB  do  not  exteuil  to  tbe  elidB  of  tbe  streetd  or  ti^  tbe  village  limitB,  tbe  elevntione  nf 
Ebe  grunnd  at  evory  ulmntieDf  Blo|ie  in  the  utreeta  beynod  tin-  linutsof  tbe  profiles,  nud  tbe  eleva- 
tiona  ot  tbe  bottoms  of  the  deepest  (H^llart,  ur  other  localitieB  l>eb>w  the  level  of  tbe  atroetn  ^onttJ 
be  given  in  thoir  proper  locatioiiB  njion  the  plan.  Upon  this  plan  must  bo  shown  all  eiintin^ 
■ewers,  with  all  the  infotmntion  obtainable  regarding  their  tiepth  below  the  tinrface,  grades,  aiieB. 
man-boles,  lamp-boles,  eat^'b-hAriin^,  Hush-tankB,  eto.  The  proposed  syRt«m  mnst  be  laid  down  in 
a  clear  and  defmito  maoner,  nliowing  tho  looatjoua  of  the  lines  in  the  streeta,  the  poBitioa  of  man- 
hola,  catah-Via^iiis,  lumir-bule^,  i ri njieei ion- 1 ripen,  flimh-tanks,  ventilators  or  other  appnttenancea, 
by  (ymlioli  readily  diKtiiigiiisbable  and  expilnined  in  the  map-1«gi'n<l.  The  sizes  of  pipe  and  thr 
grades  of  inclination  mnat  be  given  in  figure4  Hlongnidf  the  line,  and  points  oF  change  of  inclination 
or  of  alignment  mn»t  be  dr-liuiiel>~  located,  being  jiatt  of  the  iofomiation  given  by  the  protilet, 
bere  repeated  oa  a  great  conveii teoce.  IncUnutions  may  be  given  an  fall  in  feet  per  hundred  or  us  a 
slope  J'atio.  A  auQii:ient  number  of  arruwn  must  be  drawn  alongside  the  lines  t^i  show  rlearly  Ihr 
direction  uf  flow  of  sewage.  The  position  of  outlet  must  be  elnarly  shon'n,  and  tbe  <iireotioii  of 
cnrretit  in  the  bi>dy  of  water,  if  any.  into  which  the  sewage  flon'r<.  Location  of  dispoHal  works 
niostaliMi  be  aiiown,  Inde|iendent  linen  o£  pipe  pfuponed  for  subsoil  or  cellar  drainage  should  t* 
marked  by  a  diflerent  Bymlwl  from  Ib&t  for  tight  sewer  pipe  Itnea,  and  the  size  of  such  pipes  shoiiUI 
be  given,  ^\'ben  the  teriitory  covered  by  the  village  in  large  the  detailB  of  Bewi'r>  may  l>e  given  on 
une  or  more  aliceta  on  the  large  Hcale,  the  entire  village  being  sbi»vn  on  an  aeeompanying  map  of  • 
Oonvenient  Bnioller  ecnle,  which  shall  coutnin  the  general  inforTtiDtion  reqniretl  above. 

3,  Profiles  of  the  streetn  proposed  to  be  sewered  oncl  of  oilier  liiiea  of  sewer  muat  bo  presented  "n 
■eparate  sheets  from  the  plan.  Thet*  proHles  should  be  eiltmded  to  tbe  entire  length  of  the  street 
and  eboiild  be  presented  for  every  street  in  the  village,  nnless  the  olevationa  beyond  the  ends  of 
propone'l  sewer  lines  Jire  ploeeil  on  the  plan  Ba  proposed  in  paragiapb  I  above.  These  profiles 
shiinld  sbniv  the  profile  of  ground  snffoee,  the  elevation  of  partiLinlarly  low  points,  BUeh  na  oellar 
Iwtloms,  low  Iota,  cto  ,  and  thoir  distances  from  the  sewer  lino,  and  the  grade  liue  of  the  aawer. 
Locatiiin  of  mao-hele.'.  lamp-holes,  catoh-baains,  flnnh-tanks.  and  other sewersppurtanancos  should 
ho  shown,  also  point*  uf  intersection  with  other  street*  and  pninls  of  entrance  of  branihes,  niib 
their  eleTSlioiiB  at  entranro  Inolination  ot  oewcr  aboidd  be  given  in  fignrea,  alw)  points  of  change 
of  inclination  Ijeing  elearly  defined.  A  email  title  should  apjiear  on  each  ahtet  of  profiles,  giving 
at  least  name  of  village,  scolcs  and  eiplanation  of  syjolKila. 

M.  Details  ot  the  g.'ntml  pbina  for  coiistr notion s  conneotnl  with  tlie  MWer«,  auoh  as  man-holos, 
oiteh-liaainH,  lamp-hol.s,  inspection  [lipes.  jnnotions,  valves,  traps,  shonld  be  given,  and  fidl 
drawings  nt  ajiy  lievio™  for  apeciaJ  imrpoaen  demanriod  by  the  peculiar  Diroumstunceii  of  the  casr. 
Sections  of  BC wen  other  than  circulnr  shonld  be  shown.  Fnll  dctdilsoflho  outlet  shonbU*  given, 
and  plans,  elevations,  sections  and  detaihof  apeebil  gronnda,  hnUdings,  machinery  or  other  upjiars- 
tUB  useii  in  Ltinnectioti  with  the  ilisiwaal  of  the  sewage  and  drainage.  Definite  scalea  for  theoe  de- 
tails cannot  be  prescribed.  It  is  necensary  that  tbe  scales  used  Iw  largo  enough  to  present  the  in- 
formation clearly  and  definitely,  and  plenty  ot  room  should  be  left  between  drawings,  that  they 
may  not  be  on  intelligible  on  account  of  crowding.  It  will  be  bettui  to  preaent  the  details  on  one 
or  more  sheets  scporate  from  Ibo  phsna  and  profilea.  Titles  and  subtitle*  enough  to  give  name  of 
Tillage,  explanation  of  aymboU,  names  otobjecta  delineated  and  scaleaahould  appear  ouoaoh  sheet 
of  details. 

4.  CIsDirat  spccificatioaa  for  the  construotion  of  the  system  must  accompany  the  plans,  giving 
the  general  recjuireinrntn  and  conditions  regarding  trenching,  draining  material,  inspection  and 
laying  of  pipe,  character  of  materials  and  manner  of  conslrnction  of  brick  sewers  and  of  man- 
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boJu,  flifflh  UnlcB,  outlets  uid  other  appiirtcnancoN.      The  speoificatioaB  intencied  for  contnotofit 
ma)  be  preoected  on  fulfilllDg  tlii?  above  requirementB.  if  ooiuiiterud  deHirabJ& 

h1.  DupUuatcB  of  plane,  proliLtH,  dotoilk  and  spcuilicaiionf  muni  be  presented-  The  original  will 
be  TcLumed  to  the  aewer  commiatiii>n4?rH  upon  apprnpaJ,  mtb  Che  oSioial  Htfttcmcnt  ol  that  ■{** 
proval.  The  dupliaate  will  Iw  filed  lujuording  to  Uw,  io  bht  office  of  the  t^tnte  Board  of  Heoltb 
TJie  originals  may  be  in  any  color  dtjairod.  As  portions  at  Lraut  of  cbch  f-et  of  plans  wLlt  be  repm- 
dijced  for  theannuiU  rtports.  it  is  qui  W  necessary  thu-t  the  duplicatt-s  be  drawn  in  Hook  imlj,  ttie 
iliHtinction  Irotwccn  line«  beui^-  jnaile  by  di^crent  forms  of  line  vatbor  than  by  coLoiSr  They  mnal 
bo  as  pt-rFt-trtly  clear  and  dehnito  a*  the  uriginaU.  Aiid  nmy  be  npoii  tracing  cloth,  Ued  linei  may 
ht  nted  if  the  ink  is  ground  from  a  body  co^or.     Aniline  red  muKt  not  be  uKtd. 

ti.  A  re^hfrt  nhoulij  be  pteHented,  written  firobably  by  the  iteHJ^niug  engineet,  giving  the  dat4 
npuD  whieh  calculntionnand  locition^  were  niade,  snrh  ax  area,  ^topulution,  distrihtitiuu,  eaCimhtrFl 
increosti  in  popnlation,  raiiifcdl,  HOioiint  of  iiiirfacti  diuiT^Ayc  to  be  tskei^  uare  of  and  method  of  dia- 
pofling  of  it,  amunnt  of  roof- water,  anioimt  of  sewage,  nad  baAinfor  the  eitlniAt^  of  thetie  ftmonnt^, 
D  statement  of  bUch  pointfl  na  are  pcenliar  to  the  locality,  a  deBeriptJou  of  dcvicca  for  special  pui- 
|Ki&eH,  uod  flueh  other  information  as  may  be  deemed  uocewAry  tu  a  (lomplL^t*?  iind«iBtandinf(  of  ih" 
phms  Bs  presented.  This  re^mrt  ahouhl  fllao  give  a  genemi  Htuteineui  of  the  reasons  lor  oboJce  o( 
hyhtem  iLUd  of  the  nielhod  fif  disposal  of  sewage  and  ilratnage,  an  explanation  of  any  Rpeciol  fiuhl- 
ures  ounnectci  therewith,  and  A  statement  of  the  proponed  mnnnor  ot  nmin taming  the  works, 
where  a  pariRe.'tioii  plant  ■*<  intended.  A  tabnlar  utatement  of  ihc  amounts  of  water  and  aengv 
u>  be  disposed  of  by  each  aewer  branuh  and  main  will  be  fonnd  the  shortest  ftQit  moat  ooaveuiost 
manner  of  presenting  the  major  part  of  the  iuformfttion  above  reqoired. 
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AN  ACT  to  Prevent  the  Pollnbion  of  Hivern  atid  Sourcca  nf  Water  Supply. —Chapter  2^,  Laws 
ofl885.     Approved,  Maroh  7,  1885. 

T'i  hr  tnaftfd  bi/  fhf  Lfjiidattii'p  of  tff  •"^f-tte  of  Afi'inm-fa  : 

St:0TlON  I-  No  sewiige,  drainage  or  refusr  or  polhiting  matter  of  fnoh  kind  as  eitber  by  ilacif 
or  in  connection  with  other  matter  wilj  corrupt  or  impair  the  qiiaUty  of  the  ^at«r  of  any  ipriiia, 
well,  pond,  lake,  etreaiu  or  rivet  for  domestic  nso,  or  render  it  iajiirinns  to  health,  And  no 
human  or  animal  etcrenjent  nhall  tie  place-l  in  or  diBtibartfe'l  into,  or  placed  or  deposited  upon  the 
ioe  of  any  [jond,  lake,  atreiiin  or  river,  usvd  as  a  t»oitree  of  water  supply  by  ojty  town,  village  nr 
city;  nor  shall  any  such  sewage,  drainage,  refuse  or  polluting  matter  or  excrement  be  pLacril 
upon  the  banks  of  any  such  pond,  lake,  stream  or  river  within  live  miles  nbove  the  point  where 
fluch  nnpplj  is  taken,  or  into  any  foeders  or  the  bankft  thereof,  of  any  suoh  pond,  lake,  strcaiD  or 
river. 

Set;.  2.  The  ^tato  Board  of  Health  shall  have  the  general  iup<*rviaion  of  all  "ipiings,  wells. 
Iiouds^  Lakes,  Htream^  or  riven  uaed  by  any  lown^  viHage  or  oity  a#  a  source  iif  vvatet  anpply, 
with  reference  to  their  pnrity,  together  with  the  water.i  feerling  the  same,  anrt  shall  exuninf  thf 
Hamc  from  time  to  time  and  inquire  what,  if  any,  poUiitiotiv  eKiAt,  and  their  eMian-  Id  oaae  of 
the  violation  of  any  of  the  proviBimin  of  wution  one  jU  nf  thie  act,  Mkid  Board  may  appoint  a  timr 
and  plaoe  for  hearing  parties  to  ho  affected,  and  shall  give  <lue  notit*  thereof,  lu  hereinjtfteF  pn*^ 
videtl.  to  anoh  partien,  and  a-fter  auoh  hearing,  if  in  it«  Jud&^ent  the  public  health  rvqaim  it. 
may  order  any  person  or  corporation  i>r  munioipid  eorporatino  to  destiit  from  the  aota  oansintC 
Huch  pollutions,  or  to  clean4e  or  purify  the  |iolhiting  snbbtanee  in  tneb  a  manner  and  Ut  nueh  a 
degree  a»  ahall  be  direoto<)  by  said  Boarrl,  Ihrfore  being  ciut  nr  allowed  to  flow  into  the  watvr* 
thnreby  polluted,  or  pliioe<l  or  ilepoaited  upon  the  iee  or  bank^  of  any  of  the  hmlJes  nf  water  in  th*' 
liTel  tieetion  of  this  aet  mentione'l.      Upon  thi?  application  of  the  jiroper  offlcer«  of  any  tuifvn,  vU- 

Isge  Of  i^ity,  or  of  n'lt  lefls  than legal   voters  of  any  mioh  town,  viUa^^  ur  city.  Un  «sid 

tiiianl,  alletfing  the  pollution  of  water  aupply  of  any  finch  town,  tillagn  or  oHy  by  the  vkolati^ni  nf 
any  of  the  provhuona  of  this  act,  uid  Ikiard  shall  inveetigate  the  alle^l  pollntion.  atid  shall  ap- 
point a  time  and  p^nee  when  and  where  it  will  hear  and  examine  the  mHitci.  and  ahall  give  nnCio* 


I 


APHKNDIX   VIII.  68y 

of  snoh  huiing  and  sxamiiuitiau  to  the  oranpIuDKnt,  and  alio  to  tiie  periuii  or  corporation  or 
monioipal  oorporation  mlleged  to  bav«  oaaittil  Bncfa  pollution,  ftud  Buch  notice  ihall  be  aorved  Qoi 
lea*  thao  ten  (10)  days  prior  to  the  time  bo  appointed,  and  aball  be  serred  in  the  wne  mannet 
that  now  ia  or  hereafter  may  be  bj  law  provided  for  the  Bervioe  of  a  Bummone  in  a  oivil  action  in 
the  diatiiot  oonrt.  3aid  Board,  if  in  its  Jndgment  any  of  the  proviaione  of  this  act  hare  been  via- 
lAted,  thaU  iaftue  the  order  or  orders  already  moutiuned  in  thia  aeotion, 

Sec  3.  The  district  court,  or  the  judge  thereof,  may,  upon  the  oomplaiDt  of  aaid  Board,  or  of 
the  preset  authorities  of  uiy  town,  eity  oc  village,  whune  souroea  of  water  supply  ahall  be  bo  pol- 
luted, iasue  an  iQJnnction  to  enforoe  the  orders  of  said  Board. 

Urc,  4.  Such  ordera  of  the  Htate  Board  shall  be  aerTed  upon  the  persons,  coiporatioiiB  OT 
municipal  oorporationa  found  to  have  violated  any  of  the  provisioua  of  this  act,  and  any  partj 
aggrieved  thereby  shall  have  the  right  to  appeal  to  the  district  ooorC  of  the  oounty  in  wbieh  ia 
situated  the  town,  village  ur  city,  whoae  source  of  water  supply  ia  found  to  have  been  polluted, 
and  Buoh  aggriered  party  shall  have  the  light  to  a  trial  by  Jory  in  the  same  manner  aa  in  a  oiv7 
BOtion  in  aud  ooort.  During  the  pendency  of  the  appeal,  the  pollution  against  which  the  order 
baa  been  iaiued,  shall  not  be  oontiuued  contrary  to  the  order  of  tlie  State  Board,  and  upon  the 
violation  of  the  aider  the  appeal  nhall  be  forthwith  diuniued, 

SlSC  \  Any  pcrBOD,  corporation  or  muniotpal  oorporation  desiring  to  appeal  from  any  aneh 
Older  of  the  IState  Board,  shall,  within  thirty  I.M}  day*  after  the  aeivioe  upon  him  or  it,  of  a  copy 
of  snob  order,  &le  in  the  office  of  the  olerk  of  the  diatrict  court  of  the  proper  county,  a  notiee 
of  OTob  appeal,  together  with  n  bond  in  the  aiim  of  not  lesa  than  two  tliiiusaiid  (^OOU)  dollars, 
with  two  (3)  •nretiea,  to  be  approved  by  the  Jndge  of  said  ooart,  cocditioned  for  the  proieentioii 
of  BUoh  appeal  to  jndgment,  aud  for  the  payment  of  all  the  costs  and  diBbursemente  that  may  be 
adjudged  against  him  or  it  therein,  and  ehall,  within  three  l^i)  daya  after  anoh  filing,  serve  a  copy 
of  siicdi  notiee  and  bond  upon  the  Secretary  of  the  Board ;  aaid  Secretary  shall  within  ten  (10) 
days  thereafter,  deliver  such  copies  so  served  upon  him  to  (ho  .Mayor  or  other  obief  eiecutive 
officer  of  any  such  city,  village  or  town,  whoae  aontoe  of  water  supply  has  been  found  (o  have  been 
•o  poUnted. 

Sec.  fl.  Water  boards,  water  commiisiouers,  water  companies  and  tlie  proper  offioeia  of  any 
city,  village  or  town,  making  use  aa  a  aoarce  of  water  aopply,  of  any  well,  spring,  pond,  lake, 
stream,  river,  reaervoir  or  well,  within,  or  partly  within,  this  State,  and  distributing  the  watera 
thereof  for  public,  domestio  and  general  uaei,  tbaJI,  from  time  to  time,  and  whenever  required  by 
stud  Board,  make  retnma  to  said  Board,  upon  blanks  to  be  fnmished  by  it,  of  suoh  mattors  aa 
may  be  required  by  aaid  Board  and  oalled  for  by  such  blanks,  and  any  suob  water  board,  water 
oommiasionere,  water  company,  or  offioers  of  any  city,  village  or  town,  who  ahall  for  the  space  of 
thirty  (iVt)  days  after  being  furnished  with  such  blanks,  fail  or  neglect  to  make  any  such  report 
*o  required,  shall  for  each  and  every  suoh  neglect  or  failure,  forfeit  and  pay  the  sum  of  one  hun- 
dred (100)  dollara,  for  the  nae  of  the  local  Board  of  Health,  or  the  proper  oflioers  acting  aa 
sueh,  of  the  city,  town  or  village  where  such  delinquent  has  its  prinoipal  otfioe.  Said  State  Boan- 
shall,  m  the  name  of  the  State,  prosecnte  in  the  district  court  of  the  proper  eoonty  an  action  for 
the  leoovery  of  the  penalty  or  forfeit  therein  imposed. 

Sac  7.    This  act  >h^  take  eOeot  and  be  in  force  ^m  and  af tor  its  passage. 


INDEX. 


Abbohftio*  dltohaiL  HaitilC^  fiur  thd  Inaue.  London. 

Out..  4UCi. 
Adil,  maj  be  BctlonAbIa  poJlotlon  If  dltchitrg«d  Into 

■tmii.%  10i>;    crffBcton  oltriftcitlon.  1117 :    aewtgt^ 

Aft.  rivfln  palluUon  prsveiiUDii,  EnRlli^hp  Af^ :  Nair 
York.  &T4;  UAHiacliiiiiett^  6TH :  Vli^nl«,&b«;  UEn- 
nnaiK,  689. 

ACllDOETirCDnlfl.   2H. 

AduoA*  Col.  JiilltiK  W.,  63,  441L 

Adane^,  \V.  K,  394, 

AdverBa  powulr^n,  rvl^Uon  oL  to  ■tmm  pollution, 

1U3.  !(M.  Il>9, 
A^ntloM  ind  oxIdfttLonn   actlim  En  Gonjuncttoa   with 

■qiiHttu    pliuitH  and    iinlinHUi,   OS;    txi^eriDianla  oq 

pDTiflcarlun  if  r^viAge  by  A^rmtUjii,  ;fi^;  Hentlon  mt 

Wnyno.  Pa..  fiSfi- 
Arrjcuknr«l  ^xpeiimont  ttmUont,  work  on  bdLI  uhyflLoB) 

1«L 
Air  OMiiprevtor.  Rnnd.  WorocAtat,  M«>w.,  43V. 

TemperBtnnM,  nee  U-mpeimturcfl. 
Alb«n^,  S,  Y..  apLdPinIc  of  tiphuid  fever  at.  11. 
AlbUHi,  K,  y.t  pcirlAcutlon  ]>luiL  proponpd,  6tfT, 
AIkk-    numlHT    ifrewnt    In    and    tttoct    on    pollutol 

■IrrkniB,  T^f;  In  BiravFr  dnm  brook.  Hl-K^:  InRdonoa 

of  minimi  nltmtcHon  En>wih  at  ^-  Food  forjoung 

(lnh,  ^7:  fcMxl  for  rhiEiipadft.  tH>, 
AlkHl^,  HT«ot  on  nitrlHriLEin,  197. 
Allen.  ChiLx.  A„  4I1>,  4Z\  4Wp. 
Alum,  uu  in  p^i^vr  mtn^fiintiire,  40 ;  woonen  muia^ 

futDre,  ^"Sl  ;  ootlon.  carpel,  blanktit,  and  cloUi  mnna- 

fnctuiv.  ni.  fve  ChcniLc^l  pTL-ckpiLLHtH. 
AInmlnit,  HLilpbaln  of,  Hce  rhonilnl  (HYclpltintH. 
AinbtmL  Muv..  dlHi4>-Al  ,-a  iJtnJ  and  m-dlmcntJttlpn, 

Ml. 
AinmoniJu  haw  pn^liurtsl.  160. 
AminonEa',  free  and  nlbuniliiold,  d^craaaaof.  In  ILIInola 

and  Micbljrun  <7.iniiU  tiil :  r^latinnit  of,  U>  ammonlfu 

and  oripiiilc  nltniveik  of  Vninkland  nnd  ArnifltroiiK 

ptoccH.  IM.  oarii^iElcin  r>f,  \n  nev-'a^.  IGs. 
AnalyMCfl  (nee  In  n<td[lioii  to  beluji\  lint  of  (Hbleit  p.  ?:ivl. 

Compnrlion  of  method-  by  Hanry  Altrtln,  iS^i :  nljclil 

■oIL  ibl. 
Bowtigt,  RochantPr,  N.  Y.,^  ;  OhEcuffoRfH-kYrtrd. 
3^:  {'ntn'tttiK'nlH  of  HcivAtfp,  S.*!  -  AniErlfvn.  I^^  ; 
Eititlj^b.  )^i :  J^ndoo,  1M  :  liHgHtv,  Euk-.  ^*^ : 
E4>^t  Onmffv,  K.  J.,  ^11,  3Mt  &Tv«tb  Valley, 
4iMi:  Witm-ter.  Unvi..  4IB,4-;7:  Pullman,  111.. 
46fi:    Month    PniTnli^Rhain,  Uiuh.,  nud  rffliienu 

4sa. 

B'llTft.  hoiv  in<N:hnn|<!al,  are  rnadn    Ift-7.  1*4,  lfi6: 
Putlninn.  IM  ,4l'i7. 

Blnf'r  dniimi»!0,  ISA. 

Wjiler.  J^x'ln?t*T<»r,  N  Y,  [fram  wi'lh.  90;  Blm^k- 
Nrnn^  UUiT,  4.7,  4-1 :  I'onnertlcat  River.  .^.  Ul  ■ 
rJi-wali"  iMirvr.  W.  HI.  Hi;  HchnjIWII  River.  04; 
Hiii^iM>li>pr  UEviT,  ■'■!■:  HMnolH  and  KflchlLrnn 
CaTinl, fii,  7";  Itoaf-m  Rhpr,  70-  mibMi  walfT 
frrmi  SoLitb  Fmmkiiahain  dr;tln.  MF.  HI, 
An^lli  on  pritHorliitlva  rf|!h(  to  polliila  watcr-coutiw^ 

103. 
Anlmil"  nnd  plnni",  puHfy1n?<^jTiwt  of.  In  Pamlo  Riv- 
er. ^£>,  Hi  :  loLnnie.  how  dEatlnun limbed,  77  ;  aKenta  En 
pnHflcnciorj  uf  «Tranni*,  8^  ;  mimila  animal  Ufa  In 
pollnUi-1  wiier.  M. 
AnimaLn,  Enfi^cCiom  dl-wiin*  of.  14:  dEwn^ifiof.  \n  re- 
lation to  publlo  h«ltb  (BlllhitfH>.  ST;  Injarj  to 
■tnanu,  ZSL 


Antbnx,  deacrlptlon,  17;  ontbnHk  At  Bradford.  Rn^ 
land.  S7  :  literatnre,  9fl  ;  Eava  cue,  31. 

Alhartfln.  Qeo.,  UU. 

AElantie  Cltj.  N,  -1.,  aavBffe  flf^w  fork  JOaT,  144;  m^ 
cbanEcal  »u|i«rHtlon  of  aewa^,  fiH^ 

AtifltlnH  Henrj,  ITL 

bACiu-tTr<»  t>-plioiLl  fcrvvr  and  biblEofiTaphy.  7.  %  ;  mai- 
IaI,  v^HKrinc  ^rm  of  (rlandem^  \%  \  prodlHlontip,  ei- 
IvrLnienUi  wltfl.  En  und  filler.  14 ;  anthrax,  S7. 

Bacteria,  EiamilcsK  and  pDltiogohic.A;  lnKvrai;i<  modi, 
un  ;  lri>rlet>  iA|ier  on  patboireiiEc.  La  Luke  QenQva, 
US;  Knrvlval  of  ]>atbc>grni4-.  fi«;  of  n]lrJn<MEli>n,IW. 
lUl  ;  bow  removed  \>y  cbemiral  precl^iltnEkon,  ^1  : 
growth  hlimuLnWd  bv  nitre,  Sft4  :  romuvfil  by  inter- 
roEttent  lUtmtlDn.  3l>T.  Vlb.  VT6,  377.  376.  tSU,  3S«. 
36?.  SSd;  temovvd    at   South    FrunLnebam,    Mafn.. 

BaiTle- board    tor   mEflng   ohamkalat    S08:     platof, 

Worce*.t4T,  MaaiL.  4-Sn. 
BalU  PhLm->iari.  4[^  489, 
Barber^  llnna  C,  114, 

BaBNvlt.  C.  Ph.,  131f.USII.  SflO.  a33,ai8,IMB,  f«7. 
Bealey  r.  Shavi\  vaw-  of,  103. 
Bet^lnlOH  nibik  nud    lu  rvlallon    to   Kvaflv   cflliifniLii, 

3^j  ^  U'Ual  procf^intfx  caiiaad  bj,  at  Crofdoo»  "Eaa- 

laiLd.^H'!- 
BcnncH.  A,  W.,  :J4i 
Bcnienbi'nr.  Oeu.  H.,  4011. 
BcrlliT  HyHU'ni.  1,  3. 
J^erlln  hcw]i|ru  fanu.  SAl. 

BEi^lcjiv.  Chief  Jnhtii^,  on  ein I nant  domain,  111. 
BEIILnRA,  Franks,.  2K.S7. 
BlHCknlunr  on  rhv  law  nf  ^itiitoai.  104- 
BLiurkvtone  Kiver.  annlyva  lA,  4'^,  41- 
Bln  <d.  uorpiiM^lva  fomicl  In  scwaxp  mnda^UV^  dlecharra 

into  AireariiH.  nctEonable  pollution.  100;  aoum  of  oi^ 

mnic  nltnjc^'n.  KH). 
Biylh.  A  Mnnnal  uf  Public  H«kh,  S9, 
Bidtitn.  R.  II,.  ^4. 
Bniirl,  t'rr'il,  fifty. 
Ititnnol  Cm..  :A\t>. 

]tuHiii|i.  ilri'iKluu  In  rtfvnl  to  inalnlaLnlng  purft;  of 
-water  rinpply.   HJ6:  n  aiv,  drainaffe,   177,   l>*3;  caiij 

Mowcr^    at.    117:    nitb-hoit^L,    dpponlt    Brwen,    iBfli 

TtpviTFUHe  tunnel,  IA4r 
Bovi.ljuh,  B.  W,.  Mil. 
Bracklns  B.  E- MB. 

BiVAfttei*,  N.  Y..  elei^rinl  Irpatment,  AO^ 
Itrewer.  pnife^oT  W.  H,,  BO. 
BrldB^rwrt  I'nm^iLnic  HUitlon,  Chlcaco.  174.  RA9. 
Broail  JmtiaElan,  ivt-  ItfE^iaUdti. 
Bnx-kron.  Mw.,  Entermlvient  HHratlon.  IH7. 
nnNpk*<.  Pr-^i.  4ilt", 
BiiHtklyn.  N.  Y..  pLirinenlion  pTant  propo«ad  for  Wth 

Ward.  ftHT. 
Brown,  Profewtor  Oharl»  C..  71,  78. 
Byrne.  <l<*  R„  574, 

CaHai»  IHlnoiit  nnd  MEcbEmn,  rw.  174. 

Canton.  O  .  rhvin^ral  prA'1t>Eia<-E4Pi^  663. 

Curbon.  amount  En  sxifement*!,  1(S7. 

Carbonic:  arid,  derompowvl  by  algs,  etc,,  Tfl. 

f?ar»*ntcr,  l>r,  Alfr*'d.  SW". 

C^aiTior*.  -ewap'-,  mi;  3iait«  [niunp  Tfn«fdtal.  Woroek 
U-r.  Uav,,  Jtwi;  Ua«i«npl]Tiki-tt*  Reformatory,  Con- 
oi'rd,47-J:  Uhoilo  Inland  StaEo  InntltnUoTi".  Oana- 
lon.  417;  IFonpltal  for  the  In*ne.  T-oTKlon,  OnL, 
49H;  XaanKlinietu  School  for  tbe  Feeble-MEnded, 


fi92 


INDKX. 


WmlltaaTTi.  }XafH..  WH,  510;  Hcbool  for  Doy«,  Ia«:- 
iviicivii!,.,  N.  Js,  ftH;  siimmi:,  a.J-.&iA.  Hir-t 
ItiiTs  Nrk.  A:^;  Culundo  SfvinEF,  C^l.,  &VJ:    I'-*- 

t'  iluh-^orjc  nyKlciLi  of  Unmil  trTl^t4r>b,  3tS. 

Ch'^lMMtl,    nctluiuOtl''    in>|[[Jtiuu    «hi'iA    orcMled     »iow 

ClmifilK^r,  iMfll.  Utug  nii^iicli.  K.  J,.  41!U.  ¥A. 

(^huntvMuf.  I'.  \V"„  :L 

Cimixlltr.  rrof<'-»fr  U'tiurti?^  V-,  UK 

ClMiulan'iilEiH  N.  V  ,  clii'HiK-'*!  itvivuiklnUnii.  AliTi- 

Ch  'riUiiil  mri^iicU'-t  jn  N*if-itiirEFic^.kiUiM  «if  n  ^Liuin^,  l>3. 

Mli]-.  iiiklk  fniin  uow*  f i^l  v/iLli  H.'Uike'-i1  i^niPt^,  ^tl. 
Chi'iulral    (hliriB,    Kh"r    Oirt>L«r,  N    J  ,  :!W  ;  Cn*iTrni, 
'>,,    fiM  :  CTinnEuiiiriii,    N',    V  .    Worrik'h   I.VlnmliiiiQ 

Chtfiiili'iiJ  |>n:ci^i|[4iiit>v  iiiiiMiiiki  ii-c^f,  Rntii  UrHii||(iit  N. 

Alum,  pjfiKLninputs  My-il*;  VjiKay  Wiirlc.  -4t7  ;  akp 

AlUriktnii,  9iil|>Ti[ik'  itf,  "iir  o(  Kinf  cbiMnloxlH 
dhU^n>  ii^'J  t*  n  i>'*'<:ipiLm(i,  AjS  :  c^icmlntL  nr.- 
tioii   iJ,   ^l]  1 .    iihCLl    ih    [jiwrrncn   nx pari iii cum. 

aUli,    sn>    S-fll:    i>rMpirjic»i    fr '■H-HiHiinr 

wn^U^  lit  Wvii^'tuhk  MWU.  I'lovlilviicr,  IL  I.. 
2im-.  ^>-[  uningr,  N,  hJ„  rW*-  WHf,  :iUS  ,  M>-tk 
Vulltny  Wiarh-,  cxjvnmciLK  AW.  m°«,  410,  HA  . 
W(nwi>[(*r.  IVttt^t  H^'  nri,|  o^-t.  *:IU,  -fiT.  -tt^  . 
WdeUIV  OtliimUiith  l^xix-^liloii,  M'A, 
ClJij,  flK|wrii"u"i.t.  Mywtk'  VjhtLpj  Wi'Tk«.  (07, 
C^ltLxtntik,    iiid'>l    »lrli    rifiirr   in    Lnwrent^    oKivrU 

Ferrlf  milphnliF,  n^  pru-'lplliint  In    Lnwroiioe   oi- 

pprt LE-.  2111,  tti. 

Forr.iki'L   hulplmr*',  oat  ut  tUtyv  vliimilcatii  ctiicAr 

aok 

Llllifl,  i>i>c  of  IhiYV  rhtinluilH  iiliii^ny  il^-hI  nn  t\ 
pKvirW\tJi'-i.  "^.^ '.  i-hi'mti-tl  riL-ii<jE»  "t,  'Jtii:  an^i 

111    LUIVEL'M^V    l<KIvhllM'ILK     "^l^.     an,     »9();     »lLl| 

{1l}PF■r■]|^  'St'l,  ^fAi;  [irihl  tvnio  pmliihjtiv,  3J(i ; 
fnr  itiiMinrHuEiirirff  ^usu-.  W-iri-kiirk  &1lUi, 
l-rmvljli'm-i*.  K.  I..  VM .  Com-j  Uliiinl.  Hi*) '. 
KniiiiLl  T^ftln',  N.  Y  .^iii:  VVluiv  T'Jfltii--  \-  V,H 
UTT;  Stip-Jin-hfa.!  Uny,  V.  V  ,  as:i  ■  h^^vi  Ornii^. 
N  J  .  ,1Sia.  :r,KU  ;ittS  .  It^-tie  X'ultpy  Wmt*,,  i"\- 
iwitiiieiit'^  J'Hl :  W»*m.-»<|4T.  Miip*  ^  iiv  iin-l  t*"*!, 
4^0. '1 1(V  437, +'», +'[«  .    WmtUV  O^.Jimilimn   Ei 

iio-ii]i>h,  cikkiMrn,  rnrt, 

pDfi!hlorl4ir  uf  inHi,  Citm-y  I-ImiiiI,  N-  T..  STU  i 
Hm>nk|  T.Rki".  N.  Y.,  a;3.  While  rinln-.  N.  Y,h 
MTS  1  ciKt  or.  ni  IVtilU;  I'laiiif,  ITrn  ^  3|]i^|>f.lifni1 
Buy.  aS^i  r"xpmnipnr|»il,  Rflvt  Ornngi'.  K-  J.. 
Bun, 

Hnlphurlc  neLd.  ttiMrlmeiiE**  lEy>^lJ(>  Vnllry  woi-1i% 

Chumh'nt  prfDlitiiiifiiiii,  nwrnli  ihmK  Ibeary  of.  303; 
i:oiMlil.1i?IL4>  lo-'V'TllUl  f'^P  "lIcVMrt,  VIM,  r[jiPaJfl*-.iHon 
i*t  MictliiNts  -Jli^  :  P-ipi^ny  ft  tniikm,  am  ;  vnrtlanl 
Uiokr^  iiiiTlhHnlri  o1  ftliulirc  4U'^|H>-h1,  Htyi;  irM]iLii|r 
chflinLi.'^^4.  £1 P  :  ^HvMu^linH'lia  I'lprriiEii^Eil'H  VOJI; 
ri-4iktr«  '-f  Puix-Tlmrnt^  wUh  cuiEinl  rii<»ni<v  viirinii  of 
ililTvn^ikl  (■rii<Ti>ki-il'«,  ilB',  Jfitnctinnii  fmiik  l^wiP^nm 
uxLiitihtiii'1^1'.  ^^:  "'  mnnuricnitliii.'  wtv-ii'<  rit 
W4iiL-ki]v1(  VV'<  <LLiit|  ^flllx.  iViK  tJ'  iiiHV  K  l„  VtNL:  gm.l 
liiu.iirikUiH<ttL.  nilTnilnn.  ucimiiHEiillvf'  t^tntt  nml  rRl- 
fli'PiCy  'thn^n-  f|Mfi-k>n)4  U'oiil»1  hjivc  In  Ih>  [trnii-ntnl 
(npni  Iro-'.mir.'Ml ;  rrljiiin>  pfnilrni^v  nf,  (iml  lit- 
UirtiiOTriil  f1lLrriiii<E»,  ^1 ;  ro-iilt'  wtll^  ar^'urmlly  tu 
bo  ndi'irfi'il  in  Ann't-iJ-n  nulv  nlirrr  IahiI  irr'nEHiniii  Jn 
l>M|irh^r4i<Hlili<.  ^|»  -.  f.'n-y  J^lnml,  N  Y  .  'MKi  -.  K-iiind 
I^k.',  N  Y.,  ?J1I  .  Wbil-'  PI-^lp^-.  ?*.  Y  ,  ,t:4  .  ."j^i  .,f 
Cdti'triic'TliiE  ^Vdlfi'  I'lhlit*  pliiiil.  -tiTiO.  4r>[i  flint  I'll  Lii't 
ofor'^Thrinff  Whiu?  ttMln-  jilnni.  ^n  !^licvp-hri,ia 
&»:*.  X.  v.,  «61  ;  l'n<  OnuiOT.  N.  ,J,,3n.lj  <'*i-r.  0**1- 
HfMiTlrnr  M>i|  Mi,P'tntlMkr,  :itFj,  ^^ih  :  Inmi;  Rrnni^h* 
N,  hI.,  n<ift:  M^-Tlv  VhI  rv  Wurk",  4<  A :  n-ii-ti  uf 
WnwBliikijMchuJxDn,  4(m;   o-I,  414;    Wum'-UT, 


Mr.  MIp'II-  J!*!3;  h-"^1  of  "porhlliifl.  i-^"--  i't*>'.i-ivii,r^ 
\1.  ],.  prupfyftsl,  lEl,  4L1  440  .  ItonitlrAt  for  iTir  t«- 
wne.  l.i«iMc>h.  ijiTl-,  Tt^'H:  hot.  Miv^ir*^  Ca\  ,  AU. 
tiiLHM'tr,  SSii.  fi.'tfi ;  Ciinlon,  ■»„  filial  1  ChitMinihqn44  S. 
Y.,  ^^^llJh  >  L'H.iniftitLnji  tiiiA^Miiiuo,  TAV\ 

Clivmlmli,  IIhL  'if,  iiHil  1f>  VJ1TJI.IE1I  nihTiuTiridriiiir]'""^ 
u«»i^',  &!£.  aa.  HJ-     Sell  rtivniLOil  piii4"|t]iniiu. 

ChtnliiLinrh.  3',,  >..  IIJ,  liiO,  i^i.  J"il 

Chi'yciiiir,  \V>u  ,  irri^Lin W>, 

<TiliJiKO,  «lii[|eit- 1  nf  lyi'Li'iO  fp^rr  nt-  10  i  ihiiuilitiaii. 
Ill;  BuuJjrHiihuf  «iack-yiirEli-DWiiBii,''U  ^  ilrvhm^outn- 
ml-AioTi,  Oi,  174;  untar  ■4ipi>3v  aihI  htwiwu  ■¥«- 
li'MiK,  low,  i;j.  iTip. 

Chioin"  Ulvvr,  -('wcr-rtl-cTinf^  iTiJ'i,  flfi  j  ili^ncrlpUmi 
"*»  17-1;   |)uliijE.iu^i  uf,  I'J^ 

I'hinrtijp,  amoimL  in  wntrrol  ]^BVi-T  iNtui  iiftH>h.  tO; 
tv  ileiiJorliei  mid  dinlnfi.'ctfliiti  (.'ufiay  L'Jiiii'1^  N.  Y-, 
a^\t:  llDiind    lAkt',  N,  Y..  ST3,   HT» ;  H'nitt    n*int, 

N-  Y..  a:o. 

C'hiiltrH,  wftTiT-U'^nk*'  dlientc,  H 

ClTy  E'vl^nldtiori'^  Ainerkiiii,  pmwih  ot.  1^1. 

Cllu?<,  AEiifTlc-hii,  ii^v  nf  untpr  III.  1 10  i  iPfppulArLmi  of, 

1*K  I'JT.  14^,   r»:  |Kji»nlflU(Hi   H   Ii-m  jmr  imlodiL 

law, 
Clnrkr.  Kliot  1...  iMi,  IBit.  1^7.  410,  40^.  4^».  4Uii. 
(Uplv  111  niiiilH-lL-l-PEiH  trrTrc'icif.iiiikh-Lellfktf  H-<lii»4^Eil«llpW. 

h5:  *im  nf  h»4i'iii'li-i<,  IflH,    Sm.'lLrinlp'Hl  pmEttiiiihU 
<'iiDniLkiki.  iiiiiroriM^ljr-  hT  tlU'Tinii  iNii(-'r-lnlT.,  IHT 
r.ilic-ii,  N.  V  ,  cptdimJi'  uf  c>i>|io]d  lc*-.T  hi.  10. 
L'okv   AEU^ra.    Eh^itih    hrnniiU,    S.   J,  4<i^.   404:  M^nLli^ 

Viilli-y  W^rhiiH  nsNJuinkPnilAli  407. 
''■■Ulcr,  IVl.T,  m^. 

i;oL(rriiaE>  gpr)n^>,  i.'<<]..  irrf|(iiiioii.  KRt. 
CoiTiblTik-rf '>■(■'»)-  if  »«'wciiii;p,  pT^i^litlon  for  tfnnfal 

ill,  ^'l^  .  imp< -fill Lilly  of  r*n>v|ki|(ik:  fur  aII  Ihc  r«li>> 

fiill.  1^1 :  f'l,  M^^inrHK^H  1^'-  tiiiiHoNtlrllUy  of  iriE'lfjrlnB 

wTiotd'Elow,  lAV, 
(.'udknili^lciiL.  Mi>»HicbnPFTl5  dnJnikkjr,  II,''. 
Comiiv'ii  }nv  n*  10  ii^liitnr  HiKirliiii  L^ruprl^Tr*.  Ml: 

pn'«Tli>lJ\e   rlt^lil^  Uuw  m.'iitiiml  tty,    1ii?;   mlr  uf, 

iiiOLlkni-d  by  hiMUiL-.  11«.  11N 
i^Eini^ittiit.  iwuLEjiry  OiVi>^iiifiiiiu<iA  lir.  i!^. 
dni'HS'Wcitt    J&k^<^i.    dMi4,    |»h|LmiI"ii,  ■iid]i-«.    SA.  AT; 

ciiii-riiviK-;^  n-ufi'L'  iiiipi>ly  lit  HuMfuTfL  BJ. 
(r.niry  Iptniiil,  N,  V-,  chtiPili'M]  l<lv:ij>k(HEIiPik  9t.  IfTV 
r-f.ii-y.  L.  li,  174, 
Ctri't-MK-v  un^ii'.  3A7:  proiliirl  uf  Iron  nmniif Nnon.  4)( ; 

nil  in  ninnufiu.'r'irtiijr,  fil,  fW,  ftl,    Sw*  Chrmlnl  pm- 
.  ditUiint-, 
C«>.  <\  A,,  W. 

<%iiii)fi  MhriHurficiiiiT.  Hitrt'F  ro^liinu  ftwri.  S^  S%, 
rrvMuilirk,  ptt>*-in  it,  kMiiiir  uf  iK-nvvr  n*m  brmk.  Mt. 
finN-«Ki.  Dr   rhnr|(-.  M.,  W, 
Crimp,  W    :^nin.  IM- 
L'r^>^.■^  J.  J,  ll..:iN').  rill, 
CvHtJl^bHiLk-  UfiiiiinL  ill  UitcttTlukvy.  -J^. 
Cropk-,  I'HiHTlni-  "It  witli.   In   tn^ilDmU  *J!)A,  ^ii ,  PhR- 

mflii.  m.-Lirnru  rrnii^4riA:  -liWriH^ui  ny  nonn-,  4Bfl: 

Htu,ihtii^>  Ni-lj  ,  -^Pj^rpnpli^  •.t  ^-U  t„i,  ^\;   imnflrv- 

tioit   |i|pi'VLl   b-'fiirv,  bai  :  [.ujL  A"in--Li^s  Cd|  .  All'^ttl 

rffn;!  ^r  ifuiiitii  on,  fiNJ, 

Alfnifn,  i^olnrptdrp  Sprlnirs  TnT-,  S4^1, 

A-p-anuif*.  PMlfiiirm.  JO.,  4Gt:  Urtldb«[,  i."U|„  W* 

Itiirlfy,  l.."^pili:iji'm,  Kna..  '/4fl- 

lEoT'l*.  I^nMiifniHt  Cnl,,  -AVi 

fnblmffr,   |>ninn>: ,    hiiF,*J4L   PtilJm*i».   Ill, 

AAi  :  SiitiTli  FrHiiiiEifTiKrii,  Miih  ,  A-'ft. 

Chmitx,  LpaniinKt'in.  Kng.,  tVt- 

Cflonn-^rr,  PnllmBii,  1",.  4W- 

Cdriy,  I'liMnmn,  111  ,  irt-l. 

Com,    Piiirinnii.     ILL,    4il4 :    R*>iiir]    FmnjludbtAi. 
Mnw.,  (SS.  4-fl  .   r^H-mn.  Cnt,  ^'^ 

annli'h  luirk,  h*-ji.hrirt,  Cnl.  MO 

CJtwLh,  Mii-«fi4rirh-ltri  iLt'^iTiiKTriry,  C'pi*"ir,l    r^ 

(iriiv,  lirTPiiiiitt  mi'K'rf  li^  pimi  iil~<' ir^lfrr . 
MiiJi*.  ■\fin''i\i.ff  jr  tu  ri>L[i  ii  'iiw>  nT  I." 

Ttjn.'J^U.,    rli-.iMkftl    ^■Ot ^Jlluil  of  ![■  i-''.,    -.     , 

Mn*'ni'lirrH^[lK  lErfDMiml'^iT,  <~'»i>i'onl,  tTi  \ 
W»yiir.  Pn,  ^.f:  Trinldiid  To!,.  ^44;  lulu*. 
t\v  tn"'".  ^14, '-H'L;  1Ej»-1  OmlMT*.  N-  J-.  «■' J 
PiiUmfln,  ni.,  4f''l. 

ttrUu'i^.  Ff.-H",  lul  .  Mh. 

HiLiiifoliU  l-TH LHi.^nH  hitu,-  HM, 
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Ontuni,  PiiUmait,  lll„  AM. 

MR. 
VeM.  Krv*iio.  Oal  .  Mft. 
PoULwft,    Lvamlhieton,   Kiik-  ^-IG;   fiiUnuD.   IlL, 

Prickly  cuEiifrcy  ilihI  rhiilwrt*,  L»mlnclDiL  Kjig-, 

Wii- 
fiqiinshefl,  PiiUninn,  III..  4U4  ;  South  Fraininghani- 

HkH .  4t9. 
TuTn^t*,  LnminicK/n,  En;.,  :f4ft;  l^t-^lenii,  UbI.. 

Wtt. 
VvffiOAbltfH^  Colui'Jtilo  SpriDgrt,  Col.^  U^;  HelPDii, 

Morn.,  bFiS. 
Yam^  Fre»no.  CoL.  M6. 
Cnrrrnt  Ho^lf,  Provkilpncc,  R.  1-.  4U. 
Cunler,  Hr.  Charl-^  ll,.75. 

GiuttoiD,  «\li1enrouf  volunmry  nbruimllMn  oF  Tlgbtn  ^n 
Ktmiim,  lUt;  Inw  of.  iW  :  n\My  dcdicuLc  Htream  to 
IDAI]OrHCtDFil>X  U>0,  Hi. 
Cyclop*,  prch^nl  lii  iiullm^l  walvr,  7H :  fJie,  Ti ;  feciiti' 
cllty  uf,  lly  Iti  ;  ilf'vour  humkn  picrcmcnl.  "mV- 

l^Avn.  J.  P..  4V,  I30»  41S.  419,  -l^fi. 

Dvjei.'ta,  KErrllLzation  of.  fruin  dl4a4<l  jicrjoiiH,  1:2: 
how  ■ll^ltifi-cle'l,  \S. 

I>i'|iniit  sern'rv,  DdbEuii  iniiin  dnino^.  18^  1^. 

Ih-rLty,  »ir,  (i<>orge,  !W, 

Ih.'trolt,  fliahHtlcs  of  use  of  whUt.  I3H. 

I>intrhffiii,  wflfer-bom-' tli*e*w-  13. 

llirttomHt  Diiinber  nqil  law  ot  dt^elopmrnt  In  iwlluted 
»trf4in«.  T{>;  niirnlH-r  In  Beaver  Dam  braolr»  82;  food 
Tor  jDun^  n^h.  ST  :  food  for  rhlxopo'lH,  AU. 

DlWfn,  W.  J.,  94,154. 

DkLiilliiri  to  |JTfltviit  nu^sBikce  from  BCwige  In  p-trrKmiiH 
PJ. 

I>iiieiiAc  fformti.  tFiflury  "t,  A  '.  in  Hwai^  miida,  9\  ittt. 

Vi-fiiv,  {x>mmMiil^nb]i-.  IhtfTCommimLcAlile,  -I  ,  li-'l 
of  wAtfr-liurnr,  1!^  t  liifrctiouH,  itf  mnkmBlii,  Hi.  ami 
relritlon  tcr  nimi,;^;  \\v\xt  of  imliitii  of  Iiiill^Te- 
(^l^li^|ffl1»^|•at^o^^  of  iN-*nnpH,  IM 

riKiNfc-i'tiinK  AiixTiL-qn  Piib^L-  HeiUth  Avoohitlnn  r^ 
purr  un.  H.  12  :  chlorkli-  tt  Mnw,  H  i  chlnhni-,  Conf  j 
IpIm^J,  N.  v..  :JTy  ;  Uniiud  I^ko,  N.  Y  .  IT*.  *n  ; 
White  Phh.fs  N.  y..  JI71I. 

r>.iil^',  I'mfi'svoT  Jiiiiir4  A.,  Ii5. 

FJiily,  Dimnp.  4*1^, 

r>rnina^c',  chHinrti^r  of  ulnvl,  15  k 

DriiTi".  'iiTH^p-J.ioii  for  n)vprod  wLnrc-r  nbmrptlon.  S80  ; 
U*t  of.  Sit  I'ftiTi  Iiik  *'!i<TnTi"'Mf .  ^r>. 

Urowii,  r>r.  ThMrn.ii  M  ,  l*H.  ir^.  3^. 

Z^iiim-,  A„  hikI  HMnlin,  ^^'.  ^1,.  r^jvrJtnentfi  (Hi  purify- 
ing pteivflgf  l>y  ntfrriTlun,  2W. 

Dye  M'ciBiiM,  rikHy  lie  nctkonnblir  poUnUon  if  A^nchu-gpd    , 
knt'i  •lL^lylm^  lim. 

DjAcniery,  waIit  borne  lUHaue,  Vt-  \ 

tiAi^Eitv.wn  \n  i^tn)>mH.  hoiv  civatcd,  109.  i 

E^Rt  DmiiK*',  N.  .fr.  sr^umd-n-nij-r  in   -«w^nt  nf.  189; 

fhvinlcal  pii-q1|>iuiir>n  Jiud  inleimEtient  HttrntUin  Ht. 

Knion.  Kri'-I.  yl.  B^», 

Emu'^ur,   Co. ley    Inlnnd,    N.    Y..  .no  :  White    Plains. 
V.  Y..  :isi):  Shi-fipjthwwi  Bav,  S.  V,.  Ks2 '-  Gmnlner,    , 
Mivn,  .^^k;  fliunmit.  N.  J..  5^2:dUrh,  MvriIu  Viilley 
w.>rk<,  -(">'' ;  ipit"',  Wuro'-ti'r,  Miip-i.,  A-U.  '-I3B :  Ho.ilh    I 
FEHrMMt0iinn>,  Ma^".,  AS'*:  wht-n)  dlj-chnrged.  Marl'   > 
bomo^h,  Mhui  ^  GfHt  J 

Ejfr'titr,  Shone,  for  hundlmir  ulnilKt*.  Worct^r-or.  Mwi^r, 
4-lU:  l{iiH|iit]il  fnir  ihn  In^nrii-,  ni>clie»rtr.  M1ik»,,  D01. 
NI2. 

Flof-liicji]   tp'filmpnC,    Hi>-w^Tpr».    N.  Y,.  ai^d  «*t  of, 

EtnTlrolyplp.  lit<  mhire  of.  ,H. 

Ei"h"'V  ''.  <>*'i'n.  iiin'|si<ni  in  rufit^rhf.  IHI. 

F.iTiinH  nt  drhinnin.  ilk'H'Tit'KJitn  "f.  1111.  HI. 

Kiitfll'-h  Itivi-r*  Pollution  Pivvi'mlon  Aci,  SW. 

Kn-il.<t"H',  t^v  v\o'- 

EriT'Mnit'-imrA.  in  F^laiiun  Tip  ••■■If  itMilFlH^iiiionnf  ntrcAms, 

7'i-7.^  fnnKl  fi-r  Ht'h,  >■'  :  io*rli.i-  form-,  s^*, 
Kri'Oznic  d]^i'ArV4i,  fwaci"  rarm^  centres  of  dliilrElnJtioD, 

t". 
E\aiLi4  r,  Uerrivcather,  tnw  of,  lOL 


Evapomtion  »  Fort  CoUfnB,  C6\.^  3M. 

Eicn-mrnc.  hiimnn,  dHUijvr  of,  In  drinking  water,  4- 
drtevlitl  if  -vivjiicc  <'*'i»tanLinBL€-d  wateiti,  7i,  TH ;  in 
vwnKe  moil-.  ^  ;  ijritvvNoniiblvne^  of  rurnmH  Iota 
j^treamA.  iOt :  ^irnenil  ilata  of  human  and  jiiaLin*t, 
l&A,  IbT.  ]A». 

ExixTJOiir'ni  p-ialiunri,  iiflricnilural,  work  on  aoII  (itiyHlvH, 
J61,* 

Exp^iC  wiinfiweiit  oplnioik4  of,  on  effect  of  otreAOL  jiol- 
lucLon,  '-f^. 

YMOti*,  In  nenngfl,  1^0  :  atnouiit  from  mlvul  popiila- 

ikoii,  iiUruK^^k  phosphatefi,  and  potm^b  In,  IA&. 
Fmin'HV,  J,  r,  1^ 

Farquhar  -  OMTnoii    flll^r,  :£  ;       rceomm^nded.       East 
Omnirep  S.  J.,  386  ;  tii^d.  HyUic  Volk-j  Workn.  4UU. 
Far  UotkaVtAy.  N,  Y.»  imrlBoiiicjn  plant  propoBal,  &6T. 
Femald.  ChHfi.  H..  ft*. 

Ferric  Aidphkie,  xco  ChoniJoil  prfl<'ii>llanta. 
FPTroiiA  HulphRi'?,  hcc  Chemical  pieci|hltania. 
Fmijiierv,  e^pliiiiailoaii  amJ  valuailoii'^-  Hi*'.  361,  1<>4: 
oiperlURiiC    Hlailon.    Ill:' ;    ulnikiie     □•ctd    aii.    1Ci» 
Orau^,  N.  J,.  3W;  Lonff  Bran<^h,   N.  J.,  4U4;  My*- 
tU;  Valley  Work".  414;  WoiwtiiT,  Maa'.«430  ;  ^larl- 
txircnifh.  UaM.,  6Ub  ;  Amherst.   Mai^.,  Ml  ;  prunL- 
ptoik  to  ui«e  i«evi'a(re  OA  Suutb  FraniliiRham,  Maim,,  -|6A. 
Filth-holBi,  BoHion  main  iltalnn);^,  ll^j. 
Filter,  coke.  Kivt  Orange,  N,  J-,  S8S :  recommended, 
My«IJc  Valley   Workn,  41^7:    Farqubar-OMCinm,  no- 
ommended,    lia*t   Orango,  N.  J.,  JiSS,  tried   MjntlO 
Vallvy  Wurk^.  4US. 
Deil",  Ei\hE  Omntfc,   N.  J.,  cokv  and  gravol,  ^^90  ; 
tollman,  TEl.t  A*T1 :  South  FrHmlnphaiu,  IIoh^ 
-1^^   Medflrld.  Ma  H  ,  4m  :  Afiirlwronifb.  Uaiw., 
6t)^:  Ailai.Uc  riiy.  S,  J.,  elcvAtcd,  M^ 
FIttering  mnit^hpJ,  r«-lnLiL.D  to  a^ip-l^^  oewaHi^,  I6£. 
Kiiler  pn^vt,  Mii'rAinii>,  VII&- 

jMbiinm,  J:J^''l  Orinao,  x.  J,,  -iftl :  EiOnff  Branvb, 
N.    J.,    4  St    Wunw-ier,    Kfaria..   rrcommei>d«i1, 
4.JP. 
Ttonnor.  ''anton,  O..  ChintaiKpia.  N.  Y.,fl0&, 
n-rrkn.  Wi>rldV  fulumblnn  Ei|ia^tlon,  Mfl. 
Filter*,  care  of,  io  winter,  Ml. 
Filtrarkon.  |,euilvil|e,  ('nl.,  l&'i. 

And  Irrlf^don,  nioclHticn  of  forolffn.  347. 
Cunllnoiiiii  and  Inlerniitteni,  Imporlanee  of  dio- 
tlncilon  brCween,  IT:  uiWantiiflea  of  contEnnoii* 
IneoM  wi-Hilier,  WPi. 
Intermitteut.  qiulhy  of  mati-rlal  reqnired.  llVt ; 
flr-Cttientlcined,^! ;  fl^nnlrlon  am)  thenry.  W2: 
FranklandV  ilWiir^kon.  2*>3 ;  n  trioloiileaL  (>roR- 
cm*.  ^64  :  L-bWmn^  ojperloieiitA,  205  ;  rvpn')!- 
tiona  nioal  ^wnllnl  In  nklrlhcullon,  SUB;  Uj 
mi-nn^'irirenche'j,an>;  <1iffi>tpni  mpttiTial^  37:2' 
not  a  PtrAinintr  [irooei",  Vi 4L ;  one  of  efllLi^ntpt  for 
rlrLnklnti  watoi,  STT.  2^9  :  |Krrinai<eiiry  of  Alttr*. 
979  :  effi^t  of  frnnt  and  piiow  m  Ia*  reiice,  9s0  ; 
Sriiuli  Frnmiri[rham-Maiw.,*,M  ,  Rominlr.  N.  J., 
«eA;  niltivnrkon  of  rkllmtioo  nrea».  WTI,  2!*]; 
piiimnaiy.  i^i:  NnknE^Mun  for  fovered  winter 
abwtrptioit  dmiuH,  i^hemical  pri'cipltniion  r*.  flL- 
tratloo.  »H#:  ot  U«rrne«  tn  IhST-SK  rtednc- 
tLonx,  30'>:  lelnnoii  of 'imnllo  bent  (o,  J10!>;  pffl- 
clerii'y  [ircintoled  In  eold  weniher  by  fhnnfEknir  to 
contljinoo'',  :1IV:  iie<Tii->lty  of  prei-entii>ir  fornm- 
tlon  of  iiv,  JiHi:  hentioff  effect  of  *nn  on  trntainl 
dry  hJiilft  of  difff'rent  oiOoir,  Slfl;  mnedii'ii  for 
frovt.^1;  e^lfmatr.1  com  of  varlong  metb' d«  of 
protecilnaflllmllnTt  j^rvH-fnmi  fro«t>AM:  itpdno- 
lUmH  revrtrdjitff  c-(T<xi  of  temprraliiro  of  air  and 
Hoil  on.  XtH  ;  pmbaitlv  mofiC  pradioable  mmn>  of 
Heu-Rire  di^powd,  a,"0 :  p\«iih.|pp*  aod  pmj^ta. 
Round  Ijiko,  S'.  v..  triT'^l^  :[7t  ;  Ka*i  Omnire, 
a.  J..  iTi  Hw.  3!--'^.  ^:h1  ;  Woni-^ier.  Maiw.,  lerom- 
meridH  i>i>d  e^Ikm.iti^l  tii-~t.  41''.  4.S1.  <ti«cn>i»e(l, 
4*1,  '12^:   I'mylpfiMicf.  ir  T,,  ctWnt»«1.  e«timntea 

of  •^.-t.    44!*,   4fni:    1 Nnn,   Til.,   in   ii-*,   41©: 

Sonlh  hraminffhJim.  Mn^..  4«l.  coirt,  4KT :  Med- 
flrlcV  Mn-pi,.  41«.('.>s[<'.m»'lniHlori,4!B:  Ho-p^Ul 
for  (lie  [ntttiti^.  Tfliid'in,  Onr,  41*  i:  <to.,  Fl'"-heii. 
[*-r,  Mlun  ,  NM}-.  Sfqrlhoron£h,  M>«p  .  M4  :  M*" 
Fochllhi'll'.  Roh""|  for  tlic  IVr-bl.>  Mindi^l.  fOT. 
™-t  ^rpn-Iiin-lLon,  Mil;  Hrhi-il  f-i»  Ripv,  Taw- 
fencevilLe,  K.  -1  .  riwpmmendnl,  ^l^:  <]an1ncr. 
Mat* ,  In  UMe,  ttlb.  cutt  coniilructiDn,  Kll  ;  Sum' 
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mlt.N  J. .Mi:   BuLlnps  Neb-,  5tS;  Brockton. 

iiirinutuvtnriiiif  %Mi-tt«  ^t  mouJ^n  iniLJis  Pio^'l- 
dfiiiw,  K.  I,,  VW  ;  rC  WLtcitlm  uiillH.  b«ylaxvitlp. 
It.  L..  'i£!>T;  JiC  ikiriLery.  VViDchrhirr.  U'iMi.,  W^i; 
thrwiffh  KrKvel  UiUt  hwXt.  trUtl.  Myefk  VnklQ- 

U|m'A'il.  uii«nLx:'iwriil  <-X|vrim<  ni''  with,  9ft1- 
PihIi,    ToikI    r4>r,   >4ft.  el.   HI;  ^-tt^-cL  \>t   iiLiuiuriu:tnrlng 
vni^Ii-H  un.  Hiv  M-'iiufnthtrliiK  WMlen, 

Ft]t^ii>n-riLiJiri,  it  '4-liLzuiiijiYEeiv  cnuH  of  communl- 
oitiJi'  ihhVi'H'-,  A. 

FUiI;-i]i|e1.  l>v<n d,  4^'.  &U-I. 

KlEuriivlil.  J.  [rf^laiM.  8Tt. 

KliMtr*,  L^nrri'iiE.  L'ruiiilVMtv.  R.  1-.  4-14. 
Ptniih(mik,1i»v-'-iitJuuu^Hccr|i.-inLed(iHaf  aub'Hirfiicc 
irtii^Hrioii.  !ft«. 

Foiid  tor  ti-h.  H\  1^7.  ni. 

Fonclt',  MiUiATKiH  u(  ftitlMiluB  inKri.titcnt«  In,  Mt. 

Furbi-",  Tiulii^tr  S,  A.,  &7. 

Fullpil.n  AvfMUi- Cix  clnlt  and  Urid^poit  PuniplDK 
Brmi-'ii,  UhiisnT",  III..  !fi7. 

Fniiuhi'<o'  t>T  Fvu  !*».'«  ii;iput4l  wo^k^  b^. 

FrHiiklmiil.  E'er^y  F..  7tt.  hO.  IW,  WW, 

Frer*.  T  H..  IftU. 

Fn*ni>.  Cril  .  In  iKAtlon.  M4. 

Fru«r,  iv]iti-illi>fl  r  r,  ■■■  <oniiprtlcMi  vniOt  iiiternilttf'nt 
|1ltnirli»n^  -1^  ;  <4i^  of  fr-ri  nntl  ^no*  oii  luii^mifl- 
(CMt  nUn*tliHi,  rj»inpn<*.  M(u*„  !tei>i  S-mlli  Fmni- 
InEhiim,  Mh~a  ,  9H4  ;  Bnmnilt  N.  J.,3<!^:  on  ^wiifii 
fiirm-.J^:  t».illTiiftn.  111,.  4Wl;  ll(u."i^'-hu-*U-  li^- 
fominiDry.  I'nTif^nl,  4iH  ;  on  lirnAil  Lfriinition^  kbcklc 
T*l4iM  Smrv  Ihi-tilni.on,  <^i'HnHion.  4'W ;  "n  inier- 
li.lltrnt  rtEEmrliin,  MnLrlrlJ.  Un>#..  4V3 ;  oD  imin- 
tUiii.  UH\m-.  Pd,,  5^,1i. 

Pli-lsv,  A.,  ly-l. 

Fuller,  liio..  \\\.  8. 

GAOIfinu  nf  rinpu-  at  pchher  mpt  S-wni;c  pnplng. 

Gunlitc'-,  Mii>-  ,  iMeriTMltcnlflllriili'Hi.  MH. 

iiA-.  iKTiiiilliiii.'.  I'*  fi^'ji|>i'  iii'Jir  AlmiiTin  imy  br  kdion- 

nU\-:  lit", 
lijiTiV  i-p"'ni?<' 4Hin'-t_  Oflnln'T.  Ma>4i,,rp|R:  Pq^^ndeiis^ 

*\.\..  f47:  T>'""T.  Vp»",  Wll. 
(J.'ii- »-fi'   ]li\vr.    il.KlM'Hter,    N.   ¥.,  wiler  supply.  30. 

flfihsr-L  Wni,  P..  :*,  ;*;^. 

<lcrpii  rfnitn-  of  ili-j-uh*»,  4,  E^rmn  af  typtiold  Swt-r.  'i- 

rrilM'ri.  ,t.  H..  liO. 

lihiti   iTH,  bHcilEiii'  mftHi^i,  it|"v1tlc  cprm  uf-  HU'i»niri», 

cjol'^iniJ  r.  Turhrid[:i>  UVll*  Commirt^ioncrB.  Oft"'' 
of,  h'^. 

lipHoll  II,  /r»hll   H..  JRS. 

<:.himI.  Ijiu  .r  w.iUr-'.  10i>. 
i^iH^iL  jiK  fkh^riiii;  iik^ir.  f1ji1.  ?:r< 

*in>\.  Si <l  M  . :.,  T  I".  Ai-i,  A'T*.  Ti''ii.  BW. 

fJr.'.nr.  liP".  P  .  41-2 
llm'iiTli'l.l.  Mu^.,  -U^i^-*il  .m  hm).  5fil. 
lln-iLit'i  nnif^r^  likKhprirti'M  To  M-u-i-r<.  rM  :   TtiM.jn  aikil 
Rn-I  i h'r,  j:i'i  i  M.LrllHpnHiLi/h,  Mx-f..  504. 

If  4ltl>Y  ►>  'ti^To  Hif  i-H^H  fiL-H-  |inrlHrnlioTi.  lidTilnTFof,  3 

Ifrumi.'-.  H"iiy,  &<tlr 

irk-Hiiu'",  S>>:.  I:<nil  iUs>""Ji",  'i*-'^ 

iihi iiiiri4  riin<.  r.:i. 

Ill  I-.  n.  (Ill- .  :ry£. 

IFrTp  J.  S  rnp-m  ('  .  A•-^. 

Ihiillh  oT^  I'»WM-  r<.ln1iLL-,.!mt\  fY^lxil  r-'.  Kit. 

H  nhil  I'r-lii-.  Ii.iw  ihi  V  t-HXhl.  :;rj 

Ih-nl,  IjilOiHr.  .-.]  I 

H'ltl,  -I"''  111'',  H'<'niipils  ''un  ■  rclnlin^n  lr'  hJ-wo^'p  'll''|m-i<l, 

:»f.*:  n-nrk-c  i>..m- r  i.f  dilT^'^ri-nr  KLjIprtiiLH'.-.  inrrlaln 

hpul.  311  ;  "f  U^:    [14. 
~1t-ni1iK-V  IhiLi\  |i:t1l  h'^li'Mt  nT.  ^'1. 

^nilo<  t  Ij,V..  «j|tpr  -ii|Ph!,'  P.f  U-«  lie-Ill-.  N.  V  .  l-v»»- 

ImU,'  |,niii-.riiin,  ii,  -.V^i.  riTr.:  iL---.fr,  i:;!i. 
iPtln*.  II tpli.  IV.  7:i  HHi,  4^'i,  4(>1,  f^M.  .'pS'J 


HllffATd'H  ft)utrbitor,  ftpplluice  for  toll  ihi*1t*Ii,  IflS. 

Huffinmii  lu.d  Wilt,  ivputt  oil  Loodou  tfeWBgc,  lU. 
Hiif  chulern.  itfi  :  »jii«T-|x>rDi-  dWrk>«.  Ilumtiinf,  M. 
I    Hollty,  N.  v.,  |iiniflciilk>n  plmrt  propuwd.  Mf?. 

■  Holririiftu  r,  BoiUniF  Sprlikfr  UlAcbliiir  CV>,.  Cfnf  of,  Vb. 

t    IfufpiiAl  fur  Ihc  InMHie,  U'onvicr^  Unv..  Ijruid  Irrl- 
I        fH(ii.|i.    W\:    London.  Om..  1iiU<mLlrtviit  ALtnittaii 
Aipd  tirond  IniXHili.n,  4'.>4  ;  [(ot^vKtrT.   Uino,.  cb«a- 
IchI  prec-pitHiiuii  mnd  Inl^fnitiirmt  Tltrxtivij.  Mi. 
I    Hoflptlfll',  Unnd  Jrrijnitlijn  (^mHahj  ulapied,  ItA. 
Hi*j  r.  1  ^hix-H  Co.,  tin*  of,  ]  IS. 
Hojl,  W.  K.M. 
Hii'^rtui-  Rlvir,  Hnfllynn  of  n-mler  of,  iiwd  Jwmler  mjv 

■  ply-  TO. 

'    Hunt,  Dr.  ExraU.,». 

loi'  on  HQVBfrv  (■TDie.  433;  t-'ffrct  of.  Putlnun^  111.. 

I       40H. 

'    lihirulrt,  htnd^cii  of  Ktrvmm  pollrtion  ln«  4S&. 

'    Tlhnotii  And  llJtb^KH"  CmuI.  1A  ;  ht^  fif  ivlf^parillci-^ 

I       Clori  hi.  t*i-'0 ;  ri-lHiJuu  i^p  ChktHro  ttvtgt  dl^putal, 

'        rtA. 

Indiira.  iim!  In  uo'i^Lcn  mnnufuftnti-,  M;  cnlron  biimu- 

\        fpvtunr,  G3;  Hrikoiml  ux-il  tn  our  i9ir|H-t«  LiLanlirt.  iti^d 
rjinh  irillL  K4  i    iniy  bf  vcllonable  poUaUoa  it  d\9- 
rliHivil  iikio  htreflD>«,  liiC\ 
lipff^-uuii.  dpflniliim.  3-f- 

liiluK-^rliL  In  i-tvitn-  imtlntiil  nrreauip.  75-79;  firiHl  fur 
yoni?|E  11»h,  t'1 :  food  of-  ^  i^ :  in  |  oNntrd  witer,  1H. 

-    liifunr^liinH  ■if»*iiL>'t  Hlniuii  |mMutlun,  lUS. 

]ikK|>i^'iion  wdtr.,  RliMtf  UluiiJ  HiVf  Uitthatkiin,  477; 

Bnmmli,  N.  J..  fiSS. 
1nirnvpiln»:  m-wh-h  ai  ISorfrni.  1^3. 
Inie*  mi'icni  ntmiion,  iw  FUlrHlloii. 

i  IrriinLiion,  linuipl,  riiw-^iiil  nmiMcikluiifji  hi  Uu^ltd  SiaUc^ 
dlffffrni  -x-ipuih,  *».  3:,*:  mrt  of  di'lrilmiioiL  njn^ 
1<-n-.  tfJ  :  pn-pninl ion  of  fivn^.  1^0:  liinalniv  n- 
fritMlhV  nrr-v,  iiTi'U-nl mining.  £-,:£;  tmiipeiiE  at 
hn%;  rtny  'otlMUt  nimbMi.n,  E»p.,  ^Jl:  i-P^-arlHor 

I  li^xi'iDP  of  l'DdD>^  L'4iiiin>lF><-liJn,  it^  -  KovpiI  Affi'ltniil- 
iiml  Sncit'l.t'ii  St^udtr*'  Fnrm  Oi»in(q.'tllicin,  ^40  : 
BTiirMi4-»-of  forrlfn  M'ViiKt- jiTitraiioii  hmhI  flIiTAtlon. 
H'l  :  fliko~,fl^:  FMinitHry  it'^iei^t".  Iir,  Alfred  rar|km 
ler  on,  vr>U ;  J^iTlt"  |i--rmnpy,  h-vkl')^  fnrm,  tfbl  ; 
hiMtiKiii''^  nvrtrd  iiL'  l>p<ilih  4jf  jH-rHin*  liiintr  on  ^^tr- 
at'c  rnrin".  V."i3  i  cffi-i't  of  t.'ni|*nnniT  of  i-ir  nml  boiJ, 
'•U.'A  :  uflli-EenL  ni^'noh  of  M'waiii-  dl><im*<1.  fHy  :  ifCtPin 
nipridiil  Hiid  JI-h.^ik'-'kI,  Wcpi-c^-ier.  M:t-i(.-J]T.  4ls^ 
4V1.  4-J:l.  4Vfi  -  i-lTi-ct  of  roltl  urolhi-riMi.  in  Knirl-nid, 
43:. ;  di-^'iir-fc'd,  PtovMt'of-o.  H.  1.,  440.  4i7;  IrM 
Rriito  In^'ATii'  Ho«piinl,  Wom'^b^n  Mjik",.  IVk :  I'nJI 
nmn,  lU,.  I'O.  profll  from  oK-p",  -Klfl  ;  Mdxm-hnivii-^ 
r{i-fi»iTibdLioii,  ('iniciinJ.  4r.H,  efftH'l  nl  winiri  lfn>|imi- 
Inrp.  ci't  fiT  nrfT-iinii,  47-1;  HhihW  iOnnd  f'Kin- 1n^ 
Ktlinilon-',  i''' :  S^-piiih  FTpiiiiLJiirbJiiri.  Mmm^.^H^:  H<«- 
pliMJ  r-v  iln'  EiiMin-,  I."Pm|<in,  i>nt  .  4W ;  vrn>ne,  I'll,, 
.''-'['J:  ri'liprHilo  Sprinio*.  ('ol.,  fMII,  hhiijihI  (ii-l  &4]  ; 
TTlnidml,  l'"l„  Auntiiil  rtM,  BIM  ;  Km-no.  C«l.,  544  : 
l-:i>Mid-'mt.  <^il,.  M(l :  lU'^l-Mnff.  Oil.-  5tH ;  Lua  An- 
t'clp*.  I'id..  T'SL  utIi^I"  M'UnifT'  i*Jt  I''  »"■!<■.  'M  , 
SiiiTu  JEo-A.    I'lil..    JteJpiift,    Mont ,  MA?  :    iTirymiir. 

\\\.,,    ^r(N'|, ,    Cnl..    r^MI;  Amhrnn.    Mn-^..    inl - 

I'liiiri-THtii,    \.    J.,  ,'4iT;    wif  of   pi'VHKe  for.    In    thf 

Sikli  -iirfnri',  hhi-n  tirM  iihaI.  S03  :  plDnTiiffi  piivnt*- 
ln.!!-^"-  uh'I  In-r1iii<i"ns  Vl*3.  litcrunm-  ..f,  Wi. 
•  u^t  of.  'Jltl.  S''h-'*4  f.  r  Fnyn.  Uw»nr*wlJli.. 
N.  .T  .  ."ill,  roi-i  "f  ron-lru-^lMn.  fi|4, 

Er-iH,  TNTrlil'-Mdi>  I'f,  hy  i'hi-iiiic-n|  i>roclpl(nntJk. 

Iruii,  ^"LhEi^-  rii'iri  inuiiii filial UT*'  of,  48. 

J^RfRY  <'ITV,  V    dT,,  waEit  Kup|t]j  from  Pkn^ic  TtlvFr. 

.iMrn'iMPii.  I  irtnk  r    TtT'. 
JiimLiiii,  I;.  m  .  |!-i 

KALAVA7"n.  «dPT  L'ni^iiKaat,  140. 

KcTi,  ,1.  s  .  r-.v. 

Ki-ni,  r>ijM"'.'l|..r,  107, 
Kii.*-l>niiW.  Knrl,  .'rfv. 
K.rldV'p".-!.  .bnni--  I'..  W,  fl7. 
Kicldnhl  m"'i>i-l  -  f  iirftlyMi..  I5fl- 
K.jn^.  c-o.  r.,  Jkp3. 
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IiAii  CocBiTttrt^  iliX'I'loii  A*  to  poITatlon  of,  T0&. 

■tfweiB^e  flytteiD,  1T7. 
Umlretb,  Wm.  B..  IVJ.  STl.  914,  WG. 
Lbm,  Uhh.  ISO. 
Ijilhui,  J.  &.,  47111 
Lfllliinont,  rnrf-  S.  A.,  21. 
L*«e*  fenA  OUIiPt,  IGT 
Lawh.  Str  J-  a-^tK.  iW. 
Iawitihk,  1)  [tntkld  fovrr  And  ffmtor  pnipply.  6. 

biLriOcaU'in-  IFit,  tW, 
L«iT\tlle.  CoB.,  mechinloil   tniUBl^h    bj   flltntloB, 

Qfl'f. 
LMFTiBd.  WLIl»ir  P.,  4n» 
Le«l*.  Pruf(*-ur  Ali«rl  U..  W-  BB. 

LcDoi,  MiLUd.,  4ut>«urfflDF  dl^p***"'-  WU. 

Lliu«,  »ii>(«rr<im   papiT  ediIK  4^:  -'-'K*  not   oonEanl- 

FiU ;  Dotcon  initniif.b':uire,  5'J  ;  pit>  fur  liidfl*,  Kctlon- 
«bl«  polluLloQ  wtwit  DP«r  V renins.  TUI>:  i>h'-wphiiU- oF, 
u 'iErtiUvn',  IBI  >  fur  EnatlnK  q^uilifp,  \^mg  Pmibrh, 
N-   J„    404:    ftd   lo  dMirfvct    f^wiu^   twrpcti luflv, 

Umf-uiiu.  to  conntdrmot  <-Jt«-t  of  Add  od  uitrfAomLUdi, 

IW. 
LltlDiMl  pn>prktiTf,  tli-anftlno  of.  97, 
[j¥«n''>ol»  furmer  •nalt-prf  cnndiiion,  i'.O- 
Long    Brunch,  N   J..chpinl'»t   pmkpitulon   *Dd  ma- 

LbfifC.  Pmrewr  J.  U.,  3^  BG-TD. 

E«orlaC  pai^r  on  Ihe  pHtbog^nlc  bACUila  ol  hm.ke  Qo- 

Bsva,  ^- 
lArUlnH  fl^ntno  of  romblnt^  tnvchinlcal  and  chpiolcftl 

poriftCtUuti.  *. 
Lot  Anffein,  i^l.,  irri^llnn,  S&l. 
Lufiaiiiiinrgh,    S-  Y  ,  i^lTHt  of  nnDunUn^mited  witcr 

*d(*plj  (d  pivvfldliDe  ei>lili''iiic  of  I^P^'dM  fi'vrr.  1L 
Ltnvii,  SwiiUTlbDd,  lyphaid  levfF  ■!,  IB ;  lltenitdn. 

17- 
Lctwvll,  ryphoid  (f\-:r  »nd  water  lapply.fl,  T. 

H&CADAH,    I>B-    ^TKVR^fOK,    iKuAy    ot   Utt    WIUT    of 

Leith.  Vi. 
HflCllBlock  and  Wn^PtttAll^Mfl, 

ir¥«liin,  P«fi**orC..  5OT. 
MaIiw.  HdEtJiTT  tiivF*illKadonB  In.  46, 
Mvmtacturliic  astiLblUbavnU.  TV^ponrdble  tor  parlflai- 
UoD  of  MicBite-  C;  on   Nflnhiu  RWer.  39:  rovt^ni 
imrs  of.  tn  Uai«4chn>4ti>L,  IIH. 

Wuiif,  or^Hiiia  from  imEvr  innnuftctitrv,  Ijm''. 
cdi'iiTi'lf  -if  Um?.  4liini,  fJi^iihiirli'  MfM.  -1^ :  ^nim 
d'-tfJiyi'd   tn  (k^lknflH    t'*''  cent.  <'f  «»*Ur  from 

dinchTI'lll   klEllIh  Itf  "tuCltd   ^0  ;    JLTIkHiLinlit  of  VlTlDIEH 

i^Tit'inti'Ati  u**i$  i"'r  *lii)r  iti  •"•i-  i"^r|>el,  liln'ikrT, 
«hd  i-tr'Ht  in^t,  (t-l  ^  In  •i-vAflo.  1.VI  -  4iiu1y  at 
pupifr  Eni^l.  ^Sl-wIuo  I."»pr  Fn-l\.  '^U^  clinplflcii' 
tlim.  mid  Si>^  pnrlll^l.  Trr^tLth  RLvtn  FolluElon 

AiitL'HcAii  Mjiri»|pJi-it  ■■(  iPiir'i^'^tk'in,  i-IipidIcaI  jin- 
vlE>^fiiii"ii-  WaM'JmrV  Unioiken  MlIK  I'fivi.lpncc, 
R.  I„  Em.  Fticrnviloit  ar  lmtu*  mH  fllEriiti'>n. 
LoTiHine  W-iElcn  >I)II-.  t^^Tcuvillp.  K.  1.  ■n'^li- 
m*ntHi»l"n,  n-'H.  DJnliir  i  i/m.'*  Wh><j1I*h  Mill*, 
Bff\-'  iNrli  Mhi^..  12j7:  mecliAnlcnl  nilnili«n, 
MmiTe^r*  Timni-r?,  Wknchp>.icT.  IIu«..  fUH; 
vum.  iTo'iilr'^tip.  |L  I,.  441;  MmwvhiiivtU 
tte'vnnncvry.  Coni-OT*!.  474;  Uedfleld.  Uua.^ 
m. 

Etr-r<i*  iipnii  fl-h,  H44,  ^fl. 
Ifjiiifirr.  placliLEnr.  >n  Rrrrrain  BcilonHblv.  IDU;  vnlanbtc 
oon*LElTiiTrnUL>^  IM,  Rmnjetpf  nnioionlH  ftnd   nitric 

HKrib'troiifEh,  M4t«-.,   LiitErmtUrDt  mtrallnn.  fiOl  -.  txttt 

flf  rontlni4'Elijn,  SO'L 
Kiinln.  E.  F.,  'Kia 
ICitrtiii.  Hf-nrv.  l»i, 

Minln,  UnyuT  of  BoaLon  r.  GLr«Htn,  ixne  of.  IIS. 
Itfifj'^iiid   Rgrtcnitnnl  eipfliinvnt  HtftUon,  wk  on 

Hill  iihyaUii,  IHfl. 
tlMon,  rrofeixirWm.  P,,  10,  fl^  IftW 


Ujidiicbuxetbi  Schocl  for  the  Ftvble  Ulnded,  Witlthiiib. 

toi4^niiLii<ribi  ilLimtioii,  6l^T- 
&v«ef  Avt^r  17<ll.  n^ 

Simlf  B^mni  wt  Ifrnlih  rrimvtP  hticI  nvommpiiElB- 
llibH,  U4-4ri:  iVpntUt  oh  *-iteniii  ivMU'^oi^  bist 
thut  fjii-  miiilD  anynhprp.  -tH  -  otlicr  r^iiwrU  of 
ijilnc.  41^;  eipniiiJi'Titii  vtih  nItKfyiiig  orvaii- 
itnu  llto:  iiow*Tiip  pHiU*i.  wiiiBT*n|tplini,  &7tt, 
Vit^n-,  AuRn-t,  Mfl.  ^i 
Mechi'nl<-mL  *nKJyr^^  "t   -**IK   bow  nmil».  Hl-%   11*; 

HeiMiniiion  and  i^hi'inliiil  pnidiillntiCHi.  [x)*<tf  Uninvb. 

N.  J,,  ^.>H,  M^phiimuii,  A;]>ii>ilc  CUy,  r^-  J,,  Gi^ 
Mpdflflld.  MwvL..  liiUfriiiliiflni  HtirnUiiih.  4U0, 
M'ridtTi.  Omn.,  ini^-iriltuia  nitTHiivn,  onr 
Ui-rriniBC  Kner,  liiiiil  v(  pM-it^uL-r  tni1iu-ni«  lit,  0, 
Mi<erp,,  wnUir,  tfffmt  lit  rflntnm  "*-n%  1^6. 
MlcT<>nL'oi>e  iiHFof,  f<jr«lii>lyliktri-lrcj4iii  iroHulJon.  77,  TB. 
UkiniiMii|»icaL  litvvT<Ei^Liuii  of  bW/mgi:  ii^uiU.  nivlbudft 

of,  tn.  W. 
Wll  jicU,  ni)tf1n<   llfl;  haw   Uiey  nnlHrv   the  untiiml 

litfhU   of   rl|4rtiin   proprl«(orv.  Ill;   TioW   jnul  flnl, 

nt;  iti.-vT|..|i|iji-tit   fii   UB>u«cbiiiFt(ii  and   Vlrhnnlh, 

ItV.  nouelii  K«w  York,  llfl  i  cffBct  on  rominon-liiir 

nilr.  IIS.  lis, 
MlMBr,  y.  N.,  &S7, 
UEfI-v  mnm  F.^H. 
&ll[Hniik«e,   wwiBP  ili^poMil   rmd   isater   sirpplj  eojn- 

ml»mii^  ^7,  ?8. 
Minnal  mnileF*,  nmount  in ''icTamriilH.  t&7 
Ulnno'^HH.  atudfep  *.-f  flrvniu  puUnlliio  'n.  nfi ;  pover 

of  BUle  BuHtil   of   Hn7ih  uiprvicct  vaUmopplio^ 

B* 
Mli^rv.  ohrmlcal-  «>e  Chain  inal, 
>1oIiii^J(  111  VET,  owd  H  watn  «i|ifpl  J,  70^ 
Moorr.  Ftinht  ,^40. 
MoDtt  licv    Henry,  15B. 
Und.  *vwaifF   prudm  of <  US,  90 ;  ^ludj  of  Th«iii«i,  tj 

W,  J-  Ittlidin.  94. 
Uohmtto  arid,  uwd   Id  bni*v  manufncLnrv.  4":  wn^te 

from    |H|v-t   n^iFLn.    4t>:    cotton    rnamifnt'liiiF,    f4 ; 

amoLint  u««<l  in  one  catpt'U  blanLvl.  and  rl».th  mill, 

01;  rnii>  hv  actlaP4l>le  pollnilon   H  djichar^[«l  inlo 

BtrminH.  lUQr 

KiTio^Al.  SewiiBeand  Pewa^n-  Utllfutton  Co..  DCl. 

NrwHrk.  Nr  J.,  wihtiT  Fiuiplj  fcifiiiPTlj  tnpfn  I^u**lc 
rifri>r.fl3,A3;  AnotsliKl  BoaM  p    Ctyof  FiiHgiiD,  G7fl 

TJewbury,  A.  T-BS:. 

K^T  Jervj',  Act  to  prei  ent  pf»]lnlEon  vf  ■IrrsiUH  liu 
57  ;  not  r^UtMi^  to  oori!*lnn-'ll»h  uf  n-mern  In  ioitpK 
3H& 

Nt4  nr1i>«n*.  trrAiiritt  •f-\-t'V  i1U|>or4]  franchiw,  GO  ^ 
farmer  '**r»Mticm  of  Hly.  ITI'. 

NfW  Yi'^k  flmU!.  ^iti'jiin  r^llnili'n  |ii,  70;  pnritTllvr 
|h  f^r^Uitkiij  in,  71,  fip7-l  1  Bn^nnl  of  Hmlih,  i>o«rr  and 
niliit  l-H  iprom'i.  warier  '■iii^nli'^n,  A7-I,  ATb.  ^fliV 

Nlciiol^  Tr-'ffrfcnr  Wip-  Hiplc^.  -'4    'JV,  m  ftfl,  <l*l. 

Mght -.iM,  vHlhi-of.  for  inRniirr.  1K7:  xnalyM^of,  lfi7, 

Kitrim  if-iii.  ii**il  In  bin'*  iimnnrnrhiTFj  J7 ;  coUon 
iPitfinfi^i'iiinv  B*  ;  how  hmtlimil,  irKI. 

Nitdftenlinn  aMiJ  Thp  nllnfilnir  HTganlBm.  it^Z  -.  llt*-ni- 
liTTv  of,  ls7,  'iOi:  Wnfiiv-it'n'-  fnprr  on.  itt  I8**a. 
lr«.  In  l^iH,  l-fl  :  Mn-»i hij-rnn  invp-M^Bn-pn-^ 
I'Hl  :  Mih-rlToPpitB  bf  iVpcy  and  llraf^t  FniitLland^ 
IIM,  19i  IW!  ;  ^rnrtir-a)  4'\|i.Hm<'"l"  tit  l^un-nf^ 
116:  iiv-oriL  i^if.-'y  of  ih'H^iHfl'ihf  fun,  3ir]  ;  i-flnft^ 
by  li'ieT"!  tr*nt  Ultrniioiv  W*;  r-nnprly  ^jn  ldf-»d 
ft  «inT4iP>i?t  i<tin>'n>d4,  ^'ift ;  ri-Bnlla  wilh  ro-^i^p  Haitd  At* 
tef*»  *iS  :  c^'Mitiikm*  mn-r  fjiwomMe  fo*  3f9  ;  c^'^m 
ai^l  hdi  fm  or-iihle  r  t,  S7tf :  in  nini<'r  in  wit^^r  of  ti'i; 
Lawrvnnn  flbvr  UuVa,  V>D.  7^^^  h  affenu^  of  onfimiMn 
In  lnt*milit/iit  fliimtkin.  -^m 

ITilrx«i'D.  apirtiipnt  n-dnftion  '■'.  in  «cv*^  pnilntAl 
Aln-xm,  W.  >G4:  viOnaof  Ihnt  In  «e«firp.  f«.  IJV;  tn 
MWnfff  mnd-4  114:  In  exTsmpnuL,  ]Vi:  ih«  ntoK 
val<i4bft  fp-fllUvT.  inO:  Irn^a  raEup  of,  113;  rincvd 
III  Ijiwrfrniw  eipeiimmtfl^  AU^ r<,  \'M. 

tliltaiitii,  arsanlE'.  -«  Onfimli-  nllrogwi  anil  Nltriflc*- 
tlo<i, 

NNl4nH«.  |nil>]la  are  crlmea.  W. 

OniLt-  Khepc,  a.Olt 

OiU  [n'Tliition  of  ■inninii  tiy.  47-  Irvm  wifI,  lpO,  M  : 
piXft-kn.  Tit.  U  ;  dowuif  In  ■inmiup,  actlotuiUe  pvllu- 
lk«.  1U0, 
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i>Jrn-l('d.  Frpdrdiik  LaVh  BU. 

Ortfiii'ii'  nialU'i'  In  ^c^tgn  lutiflii  M  .  ivnvvuluKP  Voted 
tn  Lixyniem*  ■■i]>i'rinmMt'i]  fllU''«»  ^i'i  L  Hjiii>i]fit  n^- 
Lji'^i^cl  tty  clLffi^n'nl  (jl^ii'Ili*  tank?,  :te~.U^;  utLru^ 
(fc-iiH  n-lAiimi  iit.  (o  Huii^icjiiLii,  153;  iluLr-rrnOutl-Eipfi  a^ 
by  KjL^JrlAlil  i^itrbnl,  1^:1:  In  cAi^rtiubDiK,  lE>fi ;  in 
-eiijiKi-.  lAb^  rvUituK  Ui  Hiniijiim*  Ami  uiuic  add, 

iMti]]  h'fc  iHnlteT  mtfrhoil  of  nil\  iLnpJjnla.  ]^ 
CKiilHllt>iJ  Aiiil  AaraUi^Mi  aciiiiK    Jd   coiijunctlDii   viih 

pi»|iLii1iu  |jliintqaniJ  nMiiiLiilfl.fl^;  powi-r  c'f^il  Ur  |iu»- 

L^ui*,  |W,  |!"l:  t>4i.?i:iLa  T'J  |>rixlii€i-,  IHK  of  oi^utL- 

iiihlU'F  ti>  »iiL(ir.  vxiiettEnrnl*  nil,  V:f3- 
Gx^L^t'ii,  ffiH'T  uffi^l  I'lj  TiH.ril!i-i»l(in-  flK):  «nd  ittnaw 

wi|i.^i<J  <^lriiii-|jif  ih  Litf^rmiiU'iii  IlltjMiHjn,  IMH* 

PXU.  "vobiu  nt  beinlook  Ljklu-,  SftI ;  mal  uf.  1^,  SAC. 
Pii>|iitn.  I'huI.  W.3T 

I'niuiiLi^ium.  HUh  mfLit^rinh,  7h ,  mnnUii.  bnrwiTlii.  TA: 
^•vl  of.  UU ;   lb  (•'iILhIimJ  wiilcr,  U<l. 

I'HMldCjl^vgL'^U..   iTTlKllliKM.  Mfi, 

l*iH«de«  K,  J  ,  >'p**rls  AqiiwliK:*  Uoanl  t..  67^. 
I'ludfltp  Uivi^r.  LHiMniluTi  of.  [)€-<iii  ;  L^urlfjriDg  cfFniC  bf 

l^qlLlk'iJrlVHUlJI,    LltVI-KUgDtJr>]iii  ol    vlrviUl    pulJtltlQb,  US" 

■^  ;  CbmniDnwci^lth  '^  Sunla^  U6. 
Fpiiii>  *m(  AtlJUUB^A  diicrlmi-nu  lo  iU't«47ii^m;  t^fwt  of 

iiiMEUlfiu'tuilnM  n'nutes  nil  Life  vt  Hall,  544, 
IVii'Jili^rMciif  Iruti,  vec  Clifinli^'il  j>rvi-l|iliHiiU, 
IVrmlnnivo  poMiLikuii.  ^>ririrr|th-  of,  US,  IIU- 
iv.ri'i  it  <'|^-.  ChiaiiK\  '"• 
I'lri'MCPlphLlknlein    Iijt  ■l1iBlim>   iP*!,  Wnn'nirirr.   Uuw,- 

H.'lri 
Virllit'MijriliL.  irMlftUH-^'^  ijphuM  rrvrr  ».  IV. 
rfitk^lrliJiiDH  hi  t^m-tvirkrhiPi,.    TAB.    In  m-'whitp.   IJ^S;    In 

romiiini'cl  kl  rcnillieTfi.  160 
TTit-pKruii'  *idil,  tiA  Hi^mviil  "f  ninniUvA,  Ififi;  tn  «w- 

iiUi'.  IhH  ,  til  cuiiimrrulut  rtirrltlii-rv.  Iffli     iiiitt^<1fVt]«. 

ki'pi      timlu  Milm.,  ins. 
l'hH4«|triiTii',  krl«ilk^i'  vuluo  -y  fi-rtirwi ,  HIO,  }'1l  ;  ttini** 

M 10? 

I'lrl-^.n,  tieii    F^  .  I  tri 

I'NuiUniiilnMinitil-^  lHirifylhValT''Ft<'IJii  Fiiiviili.- Rkv, 

AI',4S:  riiPtmlr,  hiiw 'hHiintf»i*.lii^ilsT7  ;  Huli^Uiatir- 

iiTinlkvUuTi  or  -imiEfi.  19 .  hi  li^-tM^  n^nn  brmilt,  Kl, 
V- 

I'tifiiniHlli^  -y*t<'mi^  UiFrufiirr  of,  H. 

I'MibtfUii;  fiAiFrr  [f*  •Imuit*,  njinl  lirroini''  ipf  it,  ItS ; 
f-'iiirnun  ■miI'^uiii.i'.  Vfh. 

VoWntinu  uf  ^ErtaiEiiH  iJuMnri'LU'iLi  IUvi't,  !ili,  vlwJfU'H- 
f lim  ot  ■frram*,  «ltTi  rctpreuni  !<•-  '1  ■  c-<»rii[^K'ii  uiti- 
■nn'«,  9Bi  fi'licpi  PU'TinnFihd',  \W  ,  |jrSnri(ilB  dT  ihT' 
rrit-'tv<-,  in.  IM';  ^>r  i.'iihMievt  Uiirr.  ^Ti^. 

r.j|»uln(UiM'«  of  AiiLi'rl^iiii  I'iilip,  1^-1^  11^,  IW:  Saw 
nr  iTirtrti-T'.  12»1  nt  ttt]  j-'>Lr  prrn-cl-f.  1^-1*1  .  ^jrii- 
i>kj>LiinrlrhiPh  rfwArithi|>  M»-i>ii>M'  *•(.  IMI. 

IVMii'ih,  n-^  of,  in  lru^tl^^ttl•-^*n\•.  II*.  5*.  ?^-'.  M,  'H  ;  nipy 
I'Htf'i^  qL'ijLriinlili'  ihitjiiEhHiTi  if  di^-Uiinii'\i  knln  ktmni^ 
liHi;  lu  f'Knvmr'nl',  ir^S  ,  <'|tiiui-nt  I'f  iiiHhiirm,  lOi^ ; 
Mi  -r'tiii/c.  I^H-  H'  roiEllLKrr.  tiwlr  vnliU',  U'lt. 

1'.iTH»lijm,  i>fni»i""i'mlB  ipf,  l*iT 

l'i"vri-.  J.  ,r.,  flifli.  «I7 

1'n-Ll|iUiiilE>ii,  iilii-EiilciiU  vLu  c  tii'tiikfal  ifivcLpitittlafi. 

i-MtM.nriioM.-i^f'-iwi'm'pr,  111I-8.  tn. 

|<'ifiH~H'U<r»^  K.  Jr-  hfixnl  kmtnllifn,  MT. 

l>iPtr»ri>H,  h*  fiHul  r>r  j'mntf  null, ST:  Touit  ■pr«lhi'r  mi- 

iiiiu*  furrii',  W- 
l'r'>^  tJnmw,  n,  I..  M'Hi-r  uniflfi^,   140:  iliPH-hnrKii  Intn 

^\iW  'xnU'f  «h*l  rp>iH|4»viL  rlhKiullml  itrrrhintitlJiPii.  4-Ll- 
riiLlrittn,  IIV.  kiiMiiil  liTitinil'jn  *ml  Ujii^TMiLilriil  nilrb 

ih'in,  HUi. 
TpintpN,  -I'H^nifP,  ['ikLWlin   Aiv,  iiiirdiLll.  ['ttli'jiiti>.  ;ViO  : 

[LrlrlKn)nri    finnnilnt.-  ^tJtllan^  f'Lh'i^i'".  nH'^ ;  Uy^irii 

X%iNr7  vDTk*,  4li> :   nitimnrt.   111.,   Hlf  «4*i  <»r  himt 

mnl,  ITV  L  fkidih  KriimlnirhMm,  Irfpi^  .4-A  ;  ]|p<-|ilTnl 
Sur  the  TnHhf-,    l^mtloTi,  <>nt_,  4lH:   Tjiw  r<'i]ETerHI«>, 

■Jiiiftfr.  \l~1)kii-  n^ln^,   S.  V-^T,N:  B}iv|»tiM4l  QftT- 
M.  V-,  J-IW;  Mj<lk<  V-IEry  ^^V-rh'.  410^  11-X 


I'oL^tK' '  uuJiiD.  Ui- ,  u^ .  r-n  CuiUh*.  l:ip1-.  an. 

32":  -MiliHfh,  Alu..  lUlV- 
UhlufikJl.    I'mimkipu  Tf>r,    In    cuuiUinucl    #^i<(flii&ii,    l£t ; 

liL-u^it^I  iiPi-  :J4  bcpur*,  1*1. 
INvld^f^j;^  ChI  -  'nip^Uiin,  &4fi. 

itf^irt.  <;<-u,  K.,  ;iao. 

Held,  ll.I..  ft*".'. 

Hnvrvulr-,  KWite?,  Banlun  main  i1n1hi>H*,  1ft4 ;  l^ll- 
niA",  111..  4tH  -  SoniJi  Fnimtiit'hA«h.  >hiM..«^S,  •«» 
UlniloM   ^r,  4<Ji,  Wit>iLC,    !>■.,  5.'Uy.  IbnlchTiff,   (W^ 

mkll   \i'IJlllll1bUl],   ,'.6U. 

IthiKlv  IhLjUmI  SLntT-  Iii-1i1(iljcjnis  hrond  IrrlUkEion,  41(L 

KicharrK  Mrs,  Ellin  K.,  IW, 

RikW»  Wni.  K.'-i'i. 

HiiEgi.'  nnii  rurri'W  '^Htrin  at  liroml  irrlifKlktii,  f^ 

nivFTK  |x>]liLilon.  H'nii  ui  mftuffnx  *i1  n-tmif^.  tl  :  UnM 
In  Mf>iTinifu-t  \  If;  Mi^liA'hk.  poll»tl"i^  of  lU,  Hwl- 
flull,  iKitrutiuu  ofn  11  .  <iemyiT«  nf  It"*  rir'Li-r,  N.  Tr. 
^.  '2^  :  by  irvrntii  of  h4)|£  tlidlrrn.  tf>;  Mh*-fii*hii»i-iis 
M.^.  45,  Nahbun.'tH»^U  nir-iiL  riL>«n- <>(  MiiHv- 
GriiirrfiueT.4[p-B<>nnl<if  ]Jnitt>i.4J! ;  Bin  k>-LiHiit.-,  nnitJ 
^kt'Fi  uf  w,iroi  I't.  'Vi.  44:  t'unnei:Pi(.'iii.  Row  c-f  KPtl 
HnAJ/M-v.  Crii.  AT:  pallolioh  of,  Q~ ,  In  N'ew  J^ 
■-^y.  *i-t^.  PmmIo  Bhsr,  &8-m:  luv^^fir^ifiirliPiu.  .n 
Friiin^jbiii^L*,  O-t-fiA;  S4hu>i1iUt,  m.  -riMllm  ik 
UL'inmi-bi,  OA:  rLmllf  In  llMiml-,  05:  I'hijr^^o,  du, 
vhnith*  "^  <-"!^  fpflWer^  ^iiTir,  i^^  :  nmmi^AilrLM,  «  i**4 
on  Tilv'ini  waicL',  lAl ;   ('iwtniVin  Afi,  ]:i*irll>h,  f-^' 

RlimiLRii    iiruurlirlurF.  ttuiiif.  vtv  .  97.9".  LUiJ.  ivv.  lii& 

iia, 

RoultrHirr.    N.  Y..  iy^ih'-iA  tevvr   ui,  biwIj*hi   of  v-tU 

WAluriL   £0  ;  pr«^it«irlnn  ft  ujttfr  «»|>|>1>.  TJ  ^  ita«  itf 

iralrr.  IB*". 
Roprra,  J,  l>„  S7I. 
Itotifen,  |iin«?Dl   ill  |4lUi1^  wntm,  Jb:   nhl  Ih   vlf- 

pnrTS»r.tnn   nf  ritTiHin*,  7C  »  fiXhl  of  J^onuc  Qkb.  Cn  ; 

fr-oii  f<.pr  LitlyE'^H,  I'l^'..  I1> 
Honnil  Uikc,  W,  Y.,  tbi-mlc^L  |irri:lt>lE'illcn  mu  ilTI , 
Kul>li«T  mjiiiJifiBcturi'.,  Unit  uii«tc  ffnin,  ftA ;   nt*  vf  lii' 

iiil|thiO'  of  c*rbun,  AO- 


^jiAHK  prmi  .^"hunb'p.  r<|wiiinrnE«  to  driywmtn*  vflrct 

vl  wpnitthiU\r\nti:  "^f'*^  <iii  fl*h,  R40. 
ftiLim^ii  ^n^  for  nilxing  rbi'iiikiilt,  )0t<, 
Riilt,  camin'ii,  (■nrH.'ion  iiHnflc^llcifi.  im. 
SA^fltcrrr,  i^tTrd  t<Ti  nirTinoiliaii,  I1W- 
i^iid.  ihmn-i-\ft^  *if,  itiH .  t3it*-ni,n\tnl   ••i•m■pf^^H^a  M 

ihu-L'  ii-nil  ki  1,11  ivn  iK'i'  i'ii|H-rlmcr»r  *L>tl'iti.  !>%  ,   tP- 

Btwhl  <pf.  \ tc-rniltH-m  eiljmiU'H,  tTli,  IWi 

BnnitJiij  pruinni^in,  llcn«li>c1t  Ijiht^  mltarvr,  MS* 

Kuntn  lEmk,  UnI.,  krri pulton.  AAT 

»(-f ii'nt'i  Inily.  N.  V.,  r|ilHli'iiik' i»r  lyphuld  fevn  U«  JV, 

11  ,   wttrr  iniginjt-  uf,  H^, 
}^phiEDrnyc*<tr^  I'l  nrAitm  fiiiiiH-  c«iiac  of  ^i  mntttaU'ililff 

iILm-Awv,  ti^ 
^•hi^yX    rH.1t-   Il'»yi-H  ■rfiwrtniT villi',  N.  Jr,  Mi^MtrfiK'v  (f. 

iitf]iiir>n^  Jill 
3oliii>lhin  Mvcr,  |«lluEifPU  or,  M,  U^, 
i'fn^ii,  M"ffO>r''.  H'"pml  LaVi',  \   V  ,  ^^  ;  Willi*-  t'fnJiia. 

N     v.,    ifi7  ;    Winrcr-lcT,  Mo—,    4!  fi  i  amui    ]n>4iHi 

Hn-I"ti.l    >Vom-n-r  \\w*^..  4!M  ,  I'uHtnm^,  III  .  ••«; 

IriftF^iiULiiritii-    lEiformiiJiTjr,    Ct»n"nri1«    4f<h  .   litj<«ltf 

1>Ifii-hI    B<*n'    ln*TlMiUr-i»A.   rrnj»ion.    4TT :     R^iniL. 

FciiiEiinulinn^    IVIhf*..  4bO.   IIh.i»|)IIhI,  I^hi^Ieih.  <>i-i  . 

4111.    *1»7  :   UiiP.LM,r,>Ni?h,    M»">    rm;    Wii*«i*>.    »^ . 

&34,  Wl      lU^liMnu,  Ccl  .  W-O  .   U  nr^i.  .Mhik.  &L0, 
S.".lK*ii^li,  rrnf,.«,T  Wni.  T..  f».  14,  IK 
SnliEiiriiinLiiin.   rumULluit--  HfTi^itlitir,    In    >irr4Uii*.  ^3 ; 

fnvctmlitt  <i.iiLliiL4^iii>fLhr,  titf;  n-i  KtiumMi^i  i>r  'iriHi. 

IR^  nf  wr^  rr>im  n~4»»]lni  |fl]]».  Ujil"  Tnrk    Wmi^m^ 

liM.    iri'-a,   Mr-Ik'   V'-lk^   "(prk-.   Jl>*;    Wrrifu  :.i, 

[4(!|r-I^tiriniitiJ'>ii  in  IV#alii  |Il<i-r,  fiH  WJ  -  In  tlNrxA 
jiiiiL  UJrIiliFiin  Vnu¥,\.  iml  Law  itf ,  Hi- til  ,ff»ri«iii1  ijte, 

8f|AmiE-  *y»i*-rti«  of  ivitvi^nifFr.  lAO  t^t 

t^4nirt,  i^rnijirlnn,  i  -  ^Kv  i»><--<~k'y  !■>  imrlfy,  4; 
iipfhit  iiiinmilfM-A  rr>i*<ih-{lkilnj  fh.n  |hiiriO<ylJ'iti  rtH, 
n^  lUiMi  "f  IndiE'^iHx  111  -En^rt>'  [inJ  i.-iLl'-^  n  W  ,  vhf 
it  tti'itiM   1w  ki-pi  -ml  of  Hrr'HJti-    i  •'    .m 

*.»«•»  -Tiiijiiir-,  *a, -!-1,  Jt*  ,   rhhi*tf  ^.- 

Wiinwi-i',    Ua-«.,   44,  rm\'»\  min iiiitv 
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*tnam.  Aft;  nccflB4T7  dlluDon- purlAc-Mlon  bj  ml- 
CTObw,  TH^  viilntf  qF  niBnarJiil  ^VhNiitiieiiiii,  89.  Ju 
BtMi'H  jwvji^.  !^ :  ntlUtntiim,  n^hi  i  iev  of,  SI  ; 
vuliifl  for  Irritation,  bb  :  ruud  JiT  Hf^^i,  HH,  Uti  ;  tet^i- 
riiiMiis  rpiniTi  ilan|[vrDivi  vhurmcler  ror  lonif  rinir, 
U^ ;  nctlonfeUk  ^^MuLlon  if  iliachnTKCd  Into  Mreiiijir, 
lini :  iiiLri-iiH>nMbli'iii«a  ot  lurnin;  Jf  litto  jHrcamii. 
lOt  :  diMhurHcor.  Intu  mrwnifl  faekl  tiilx- ■  rihluni-r^ 
Iflf' :  relHliun  of  hcw^ikc  flov  tu  vntp  hiiiiply.  Illl; 
mV  lo  lempcrHluie,  148;  conntitui'iilH  of,  Ifill:  jurr- 
miin(*nti;hi.Tiu:ii'rnf,  fT<»m  'epuratt'hyfiPins  <l'»n>''*^>'* 
wA->ij<«  In,  IftU;  jtvcraiie  i'nmi>*(iUni  uK  Auienciui. 
16:i.  of  Bnsli*li.  lEW.  of  LoinUni,  h%4,  f^ni  Htre^t 
narfitu^,  IM  ;  crunHcion  of  ihp  niir<i(reii,  j^lio«vh(^c 
■cEii,  nnti  iflijuh  In,  i:>f^:  vnlDcof,  *>-  fi-rltliivr,  !Q9; 
Dl  Titwnx  Ci>muiiwion>  rppi>rE,  Hi.  fAmtinK  n^t 
proRuhlr,  4t*;  ch*rac«'Tliiilo' of  Wonw^ter,  Mn-v., 

Aiii'iniiL  bf,  Aiu^  of  variaikma,  IRI :  Jinkxlmnin 
iwd  mknlmum  flaw.  137;  Bndion,  Maw..  |S4 ; 
PiilEiiiJui,  Til.,  tni  ;  MAHHBChiiRellK  Kt'forniklorr. 
Cohciird,  4^:  Ufi-ifWld.  M4<^.  4Ui:  Hv^piUU 
T^iidfHi.  Ont.,  4tt4  ;  L««Te*i<*vil]c,  N.  J,,  schuol. 
-M4  ;  fJnTdncr.  ILun,,  Alt);  Wayne,  Tn  «  5-lfi : 
Ch«aUinqiia,N-Y.,  WK:  Wi>r)d>  C'oLumhian  Ex- 
poiLioiiH  GhlnRo,  SHft,  bLbo  *«  aeimge  ^gitiKK 

Dlnpiwl,  ilefinition  anil  flitwlElciitiun  of  mtthml^, 
]  :  nevanbjHTt  in  UoiUJ  ^IflU.-",  H;  fqndJimL'Q' 
Ul  j»nkp(wl;lDn  of,  9;  uarkii  not  prapprly  •<n\t- 
irct  tu  fnnchtv,  >A:  ti>to  tldo-vAter.  8R  :  Into 
frwh  water,  Bfi-W  ;  proixiMdmnltipledtBctjHTw, 
Mnvi>u1i«,  \V\f.^  ^.  tW;  fliiil  dain  of,  LKS; 
riilei-  i.f  Npw  Y<n-h  HtMlt  Bwnl  of  FEulth  teimird- 
Inff  I  plan*  for,  ^(4!. 
Farm,  Bf«  Hroad  jmK^it^on 

OaiEintcK,  rvunltik  1-10 :  at  Providence.  R.  I-,  Katft- 
maw»m   Mkh..   Wft«on,   W.  Va.,   l-W  :   HchepHv 
InUy.  X.  v..  Tomnlo,  Onl..  143  :  ALlantLc  Clij, 
\.  J..  LJi. 
Uudv.  nccuRi Illation  of.  In  harbor  uf  LclLh.  W.  ffl ; 
Ktudy  of.  fn^m  Thaiii<-«  illvor.  !^.  SIS  ;  (riLlrf*  of 
dlfttiiUitllon  of  pathiHfi-nic  liattnia^  9ft. 
TrmppTnliirFfi.  Are  Tciiiptratitret, 
fii'wvr,   ilednUion   of.  1  :  may  in-  Mcil    tor   wliai.  :J5; 
MHwicfinHtU  A*:t  of  l7l>!t,  ITS:  Bi>^loii  IntPrcvitllN^^ 
l^:  Boston  d«|io«Up  1^;  fraifinc-,  w  ::fwtttse  frag- 
Inip. 
&'in-r:i:!i\   deflnltlon   of,    I  :  Invt^idjrailniia  by  Uvoha- 
GhuiM-fiii   State   Baanl   of   HniHh,   W:    wparal^   or 
coinbin«c]   AyBlcmA.    VU -.    viewA  of    Eiiifll^h    RWm-* 
PollaiLon    ComfnlasEoii.    IM  :    farl;   dli«cau<lonpi   in 
Bntfland,  1^ :  flirly  Anif-riran  Ay^mHt  ItO :  mnllii 
of  early  EnRli"ti  M^trniFi.  171. 
f^hcdd.  J.  Herbi^rt.  441, 
Siii^iarJ,  J,  C..M4. 
J*'" me  ejector,  •«  Eiectr>T»- 

Htlk  RiannraHnm,  f^  :  ailk  gnni,  &8  ;  waaU  from,  &^ 
qUiL^,  Mf  Sllo«. 

!(|l<i>.  Hb  Bdjiii>FlR  lu  -tdra)^  fannlntf,  24B«  fiti ;  liter*' 
tiireor,  ^/J,  K&'.l;  Ltki-iy  toeilend  iJ4of  bnad  In^n- 
lion.  mo. 
f\\'.  effect  nf.  jn  Hewagp-poLlnted  «lrtaiiL\  7S  ;  diamt-- 

ran  of.  1H3, 
Srn&T,  J,  W-,  80.10''. 

HlirdK^'.  abMTbenU    ll-mmL    Uke.  ?J.   T,  3T* ;    WhUe 

11a  nn.  N,  Y  .  'fin  :  Mhre(>iih<w\  Bay,  N.  Y..  H^. 

Ainoniit  n'mov4?<l  tit\ni  BcHtun  clciuult  hewm,  18^ 

181;  Khoiild  tx'n'nio¥e<l  rivqui^iiily.^O-l:  meU'DiV 

at  dlftihxMr.  WT  ;   fllrer  pirrt-r*  f'T,  VIS;   Mien- 

tn™  nsarclmK.  dl^-^'Uhfti,  ^  l^  ;  itarnrv  of.  In  sand 

reniovfd  from  niifpin-  "t  Hlur  Ik-*!*,  ft*. 

Il»4>,  W'lrce^^T.  MnHH  .  -1"1.:  AliLrllviravtfh.  Maii'^. 

«W:  Oardh",  Mj<-*..  r^, 
BUpo^l.  O'nipy  [*:niid,  N.  V,.  Sn>:  Round  Lnke. 
N.  v..  Itr^:  WMnf  Plain-.  N,  Y..  37B :  eh«i>B 
bead  Day.  N.  Y..  :{^(9:  Ka^^t  Oranfr^.  N\  J..  «^i , 
Lon^i  Hmnc-h,  N.  J.,  4n:i:  Mj-iic  V:>lk"v  -orki^ 
4lfl.  414:  Wi-r«-tfr,  Ma«,  4-'^!,  436,  4-lS.  41U ; 
Hsfwachiiiwll-  RrrorrpHinn-.  (L%in(K>rd.  ITL  ;  Tf^A- 
1>1ta^  LoH't'tn,  Ont,.  OiQ ;  M*r[b4ir«iffh.  Mav.. 
aOk  :Xh::  r.jinliiiT.  KfaM..  n^O:  r^m^i.  Tttaw., 
Ani1ia*-i,  Mrtaa..  f/it  -  U'orlfl'a  {'"Inmblan  Kvpo- 
attlon.  TiTia.  nim  :  dn^n.  Worcv^rr.  Uav.,  444. 


Pnmi".  My*«k*  Vajtov  Bro^k^  JIO. 
U'lll,  Uy-^ik-  Valley  ai>rki>.  4hl ;   Worthier,  Maw., 
-IK4, 

Boon.  F    ir.,  fiiM. 

Snow  and  frijai.  i'IFitI  ■''■  inti-ruittU'ni  HJtratloa  ami^, 
L4wrcn<-0i  3lniM-..  t-O:,  St^iith  FramtnfEbnm,  W4  ; 
Summit,  N.  J.,  »S,\ 

Soap,  u*e  in  inaniifiK-tuTVis  5ll.  M.  M. 

Sudinm  chLoriile,  norma!,  ai  U^icliii-iiT.  N.  Y..^^^  In 
■4H agent  Huchei'ter.  11, 

tioil.  flafltintatiuj]  ipf  |hi  riJcIrt',  iThl :  iiii-phanlcal  aiwlj. 
•ii'>  of,  IM,  MM.  IN-,  Mirfacv  attM  vf,  H^:  ivrcnii. 
of  em|>ty  "iiatv.  Ilift;  i*itdklni£  power,  IW;  l*a'. 
rencv  c:t|iFrinienirt  villi  fliir,  for  inrormiiirnl  flJ- 
trailun,  TH  .  ^barader  tJ.  PulUi.aii.  HI..  4K»  :  Hho<N 
ialaiid  t^lale  Inellcutluna,  CranBloii.  It.  1..  47^;  Hi.<^- 
pital,  Jttt  lii-bi*r.  Mlim..  BOS;  hedilloe.  Cal.,  Wl> : 
HfLeiiA.  314411..  GAS  :  mx  Tpin[ii'miijrr*<. 

Sorby.  I>r.  II.  C.  77,  TV.  I*. 

^touiit  I'arolliiH  agrkiilmral  cKprrlnitnt  Oation.  aork 
on  fc>il  pbyiHlm.  ie4. 

SouTh  PrauiEnifham.  Ifaiui  ,  effect  of  froLt  and  annw  ipii 
IntiTRiltlent  Pltmtlun.  ^ ;  broad  Lrriffatlon  ami  in- 
itrmltTeiiT  aiiralion,  4B0. 

Si»erIllo  heur,  ttv  Heal. 

RtHlkf^r,  U..  30.  HI. 

Sinle  Jni^ini.'  Ilmpitul.  Worrii4er,  Ala>«r,  broad  irrlga- 
tliin.  AW 

Bl'ttnteDf  llmifailona.  Illj, 

StPJini^  PrtOerkk  I'.,  >^.  131.  471*,  4*, 

Ktockron,  Ca^..  IrHnarioti,  Kit 

Stock  yanl.  ChuMip*,  dralnnje  tr-ai.  «K 

Sliick  yanl  newaicv.  Chicago,  analyeit  ot.  $C. 

Btokev  r.  StugiT'.  <■•«  of,  *». 

StOTPr.  rnifLfwor  F.  Hr,  I'ltractB  from  work  on  agti- 
cnltun-,  106. 

Stream  |K»Miiil<di.  ruinliix  niaile  in  UaFiflachum^tLs  3i ; 
In  other  Slntpi-.  KM,  in  wlioli'  ronntry.  3H  ;  tli«  AdktC- 
i.'^ii  njiort  on.  ^  :  by  nulphurit  acid.  4^:  rvocnt  rn- 
■•orlh  uf  llau«rhnM'ir4  r>tatc  Buard  of  fl»llh.  4H; 
ti]vi-oTk|fnti'm  In  Conneclrcnt  ri-RnrOlujr  poUntioii 
fi-uin  liiigv  iMinilHT  ikf  nianufactiirlny  vastfa,  4A.  U; 
^pw  JrriHr:  ><indii-K.  5T-4i3  ;  InVAttigiitnna  in  TVnn- 
-jlvanla,  kl  IWV:  ^tndic-  in  Uini^eaoU,  6A  :  'n  llli' 
noip.  TO;  in  New  York,  70.  79  i  cla«i(lcation  wlih 
reference  to  |>»llnti'in,  79:  depothitauf  wwa^mndn. 
^  ;  leifal  aAptdi^  117,  US. 

Siren'mi.  peirpnrillcatkin  of,  73  :  puriflcatlon  fr^im  Wo- 
lEtrical  ^Uit  of  view.  TS :  mJnate  anlmala  poanfnl 
■iKinla  In  i»plf  jmrl&mlion  of.  f&.  9t  tt! 

^tmt  mirracea,  charactor  nf  plmlnaif  from.  1M- 

nnU-aiLrfaordtH[wi«l,  licnok.  Uau.. '<H' :  htr  tniirnriim. 

HaiiHr.  efft^t  on  nltriflc^lliriL.  IW. 

^iilphnirrv  fCTTic,  and  femmH,  w*  F^rroua  and  Fermi 
i^nlphali'4  tiniler  L'heialcaJ  prn-lpiiani-. 

HiilpLatv  of  alnmlna*  •<«  Alumina,  under  Chchtlral 
lin^npicantfl. 

Siilpbiirir  Jind.  iip«  hi  brB<«  mannfarinrr,  4fi :  Irvn 
maniifacinn'.  4H  :  ntitrrii  mnniifariure.  .M:  i'M  of 
vltrlullaniOhJit  n>v<1  In  onec;irpet,  blanket,  and  clolh 
miU.M:  may  raii'j>ani"nablei»'Jl»ir|'>n  ifdivchanced 
Into  atrpamn,  tVO  :  arlimi  of,  lo  pradncr  pfiper-phoa- 
ptiatcis  ^m. 

SaniTiPiL  N,  J.,  pffn-l  of  fni'l  and  "tiow  on  inlertnlt 
teni  flltTHT^on,  ^£>fp :  Intermittent  flItratMt.  Mf, 

Swan.  C'lix-.  H..  4£i. 

Bwliulon  Water- Work-  r.  W||t^  ami  Drrk^  CanJil.  lOH- 

Svrine  plagiie,  -^v  Hug  rboliia. 

TSNIA  ai>1iDm,  i>r  laiv-worm-  ^1^ 

TankH,  precipJCallnK  and  •K-Iilitiff,  inlrrmilleni  or 
contlnnon*',  SKi-.  ra|iaciiy  necea^arr.  9ili^ ;  veftkml 
av-teid.  9l>ft  ;  For  ml\ing  chemlmla,  3i^  :  e.^rerimeti- 
tal.ai  lAwr«iee.  9[0:  Coney  MnnL^,  X.  Y..  STD  : 
Ronnfl  Tjike.  N.  Y..  ^iTi  ;  H  lilie  PIuIk-.  N.  Y.,  >7&  ; 
FjatOmnee,  N,  J..  310:  Lone  Brauch.  N.  J.,  4(it . 
Mymik  V-illpy  Work",  4'e.  410,  4lH  ;  Woicerter, 
Maw..  +'5,  4W  4Hi»;  ftutc  Tnwne  llo^irfial,  W.Mrea 
Irr.  Ma'>>,.  4oS  ;  PuUman,  l»^..  4in :  liaiujichii-e4ia 
ReformaJory,  foneord.  4TI,  ventUali.'n.  47^*:  Ked- 
fl'-ld.  >lHAr,  4nO;  Inmne  Ho"i>iiJ<l- K<'^'bi-»ier,  Minn., 
.■U>l.fii«:  Marlh-^ronffti.  Ma"..  .W^  :  MaMachaiaMa 
Hrhool  for  the  Fp<4»Ip  Mii^''e<1.  .MIT:  Ij.'rene«ine, 
N,  J..  Behnil,  Ml  Tei>ti»ntl«n.  M3  :  flardnrr.  MaM., 
AI8;  lUpitiDiisNeb..  SEIU:  Trinidad.  Col..  Ml ;  Am- 
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taHtttliMa..  i^ox,  Mm.,  Ml :  ChmqUiiqiift,  N,  Y.. 
Wodd'sOuIumMiin  Kv|>aMrluh-  <;Mciibv,  &a5. 

AKfltvlMff,  Il4t|i|j1tql  for  Ihe  Itihuii.  Lomlobt  Oht-, 
lia  IWi :  W"rM  h  CulumbLiin  Kxpcwltion,  6rtft. 

U'^prur  iii[j<Ptina]  uoriii-.  ^U, 

ilefinilKin  of.  J3-1. 
TorJipemlnn-'oI  utr  utid  itAtiLrnl  flullii  xnfl  fu  rclntkoci  to 
broBd  irrlxHlinn  nhd  Ihtetmltirnc  Hlti-nUui^  00^ 

nontzJi^  I*ro«iilc/i4v,  Miebi^un,  Aluliniiin,  -'AM'. 
''tiflit   |>ljirF'"1ii    MLi'lilfkit   Hikit   44>vrii    In    Alnltinii, 

at»ioCV>UtKe.  On>no.  Up,  ia*J:  SU  Anilmny  l*»rli, 
UInn,.  mt ;  Lincoln.  Nib..  3:^:  Fort  Collhl^  CoV^ 
an-.  tJfTitful  Nfw  York.  :iT/S:  Anbum,  Al*„  JiSI, 
'13^;  4li'[l[i~'tLonii  vi'iritriliitH  ufffH^t  nf  lUfTi'ivrbL  irm- 
permtunti^  aii  -i-wnec  ixirAiiitJou,  'iHtl :  Dnitcikc,  4^1  ; 
Worw<.tpr,  M.ihs  .  4Jl.  4^i,   London,  Ei  i^.,  4V4. 

StiW.JKi.',  Hi  Liurpntt,  Mni«..  *14.  31X1;  |i*irlli;, 
(ji^riiihny,  -nm;  ihtoniirAl  rmuIlM  with  tlllT 
biilii  kIiEi  K'U'HHi'  nijil  nir  hI.  vbiii'nii  rompmi' 
tnn^  'IT^ ;  r<-in4>iUtH  for  low  it^nipTiiiureiE,  ASM; 
Aerbn,  Mirjii.  Wortnbr.  Mrn-A.,  4«; ,  PuElmim, 
4lkG  ;  Mfflffl'^M.  Mb-'J-.-IVW. 
SdiL  ■Hb-irvnH.  n#  nltroiid  nn^l  at  Deilai.  Bl>^  3irU  : 
clTc-ri  of  JMirrmltiiuii  l>lirniLon.  ^1D;  hiNtiln^  irf- 
fect  {>r  'on  UN  Vet  mul  dry  hiIIh  of  differabt 
colors  Jtlli ;  AiikCTicmii  Qb»«rvAtlnn«,  9H  :  St4(« 
OoltPKC-  Th..  HU;  MaltiP  Stole  CollrKP.  Orono, 
Uc  ,  3-J.^  ;  Ht.  Anthony  Turk.  Mltih.,  ^*4  -.  Lln- 
doln,  N>b  ,  nS5:  P'irl  Colhii'^,  Col,  ^I?7-  rlS:*; 
Co"tmlN#w  Yarif.  ff2^:  Anuiirn.  Alu..HJn.,'m: 
F?Enrd[Qii  for  rri-ftC  ami  i^lninii'-  '»!  ii>'r,  ^'^p  3M  ; 
dHnrlloNH  n-uaritlni:  vffi-ci  of  u-hlih'I  nlnri-A  of 
■oil  Hnrl  filron  hcwnpr  ladilUcfitioii,  H'^ll' ;  winirr 
etrvrl  nn  broiul  IrrlimLkoti.  BiiiAttcliuielU  Rd- 
forn][miry,  Oojitoiv!,  4~3, 

Teiun  U-^er.  Vfl.  ^:  lilfmlnrc.  **. 

ThJiirn*  UKer,  Hiuily  of  heH-KKemndp  fromn  W.  D6, 

Ti^d,  M.  M„  A4I-1. 

TMp-HbIok.  n»>o  of,  Bl  JlijrtfLn.  17A 

'rJri^^-wfttfT.  pnnkom'd  ilW-hnrg"  Into,  lit  Provldpn>^, 
U.  I..  44'2;  d-'H-uloi)  cin  In  connection  with  Irrl^tton, 

Tidy.  Trmtniciit  of  Se«u(n!,  90. 

Torcnio,  iliii_,  -^'wpr  entrlnff^ **t,  144- 

'PnJy,  N,  Y,,  p(Ti-c[  cf  [■nf^nitiiintnntoil  wnler  mpi>1y  In 
Mi^vi-nUitii  4^|iUli-m1r  of  lyiihnirt  fevpr,  li\  11. 

Trciicliiii,  rllitr.  PiiTHTiriiFnu  wilh,  nt  Lawn-jitT,  370; 
ad^Hfirnfffi'*  of.  la^:  h't  biiryLn-/ iiridht  soil  aiwl  inr- 
biiKi',  Hpiiilwk  L'.kft  K.  Y..  SM.  afi4. 

Tr>iild«il.  Ci-I,H  irrltfiilifTi.  M-1 

rulh'rciilii>'t°^  111  qnlmnV.  ?7  ;  Ml''mtiin\  'i9. 

Tnhiii'I.  biHtiin  fihuIh  drxhiftije.  IS|. 

TnniiiHlH,  u-hIiit  nnpuly.  m  I'Mrnun   ITU,  ITfi- 

Ty|ih(kld  fflvcr.  peiloci  of  in^'nliMtiH^n,  canH.  wnlklax 
■v^i  of.  &:  flcrmit  iif.  hi  Hir  'A  fUHT  In  JACkpwn 
[irl*"n.  'I :  in  diinkliiff  Mni-T.  niidmiir  ■(  LnWirnw. 
qnd  TiO»4-ll,  Pr.tt;  vkitlliy  of  IwlUnn  uml  '|tom 
(^^iilTn't'iT,  7  :  uiif-  of  ihL'  fHwmiiibli!  dtiwii'i-f,  T  : 
ikt  SohfT\r^tAi\yt  Catw-n.  Wi^t  Tii\i,  nnd  AUutnyt 
N,  y,.  )i>,  11  :  H  HtLT-lHirikp  'IlKt-AA-.  ]i^t  nr  Ijinvn, 
flwIiib'rIiuiiL  in  :  In  UR4i4cb»«e1i'clil<«^  IT.  H  .  nt 
Ni'W  York.  rhiiB-lcichl".  OhhMtfc\  Mn-«ihqm-lT(i 
oKli's  l^-^l  ;  ni  H'-iTir-U'i,  S.  V.,  VO.  St  -  In  iti^i 
miOf.  a^.  (mw'll*-"-  »itiiri><<'l  hy,  ill  nninh^iMlfrt 
rrifl^Jii-,  Ihci  raiirui'hyTio  ific*>i'v  -^f,  i^^iilnriikilnh  i^ 
niy-tvTi'»iLA  iUiM-«.  a!"  L    "-por^K,  form^ilton  pf,  T  ,  vl- 

uihiy  "f,  a 

OKDFHnnAiiniHt  hi  hnmA  irrlRHtJ^ii,  *W. 

Und-T'TpHhi-,  dlAi'Tinnr''  fn»in,  Ht  ftouih  PrnnLlniihnin 
lulu  T^Nivrr  H"m  bnmh.  H".  K^  ;  I"  Tn-rptH"'  px- 
iK-inhPfitiil  Mnk*,  »74,  VMV;  "bin.  I'Ibio-..  N.  \' . 
874:  Rn^l  ctmnirt<.  H.  ,1  ,  %>0  ^  PotlpiiMii,  IN..  A'Hi: 
Bh'-di^  IdMnil  sinlo  li-(lTtTt.on-H  4TB,  47IK  flmilh 
FT»4iiiiitih>m,  Mh-4,,  *i^  :  Un^pitnK  h'lnilim,  itnl.y 
4«S  :  5lH«mbim4l»  ftiil<r-il  foi'  ittf  Vi-fUt- ni\n''r*\^ 
ttiW  :  Ai'ioo]  fdr  Kny»H  Ijiwr^^ni^vllK  N.  'L,  5lJi ; 
fjardiw,  Ma».p  DW;  8imimlL  ?4,  J.  B^EVT- 


I   Untf'tnnlty  corfncipnt  of  A^U'rlnv  in^UfJiilA.  107. 
I    Uplled  StntuH  Fiah  Cnmn^ttb<lr>iii  lUiiitirlmaol^  to  da 
.        inibH  elTKrt  of  mnnnrbfLurliii;  aiiHK^i  on  n^h.  A4C 
I    UrJni,  u«  ofp  lo  dr^anM^  iiool.  M,  M  :   in  -rwRBt*.  ICO, 

umui'iit  from  mi\bk  initnlmlori,  ]^•^  ,  nUmHt'TL,  i>hin*' 

phkbMt  nnd  iH'tutli  In.  INS. 

Vtji  BtP&kMH  RoBT..  Ml,  MT. 

Vmi  ValliLrubtir^h,  J.  J..  4^5. 

Vn[i|rljr*n-  l>i-  Vlciof  <;„  -ludipf»cjf  imtioirt.  H,  7,  aw, 

VjiiiuhJtn  nrii^   ^T^ty,  l>'t|x-'i'h  1'-ii|vrJii»rnlJiF  Slmlln  da 

tht-  IJiini«[tc>n  uf  "i'i  |th"lil  Fvvtrp.  7. 
ViMilUiiKin.  uf  iiLMiLp  >Ti-ri.  AOuiaJf^  City,  T4,  j„  f4lV: 

miM'iipfl   rt«prvo1f,  BoiLlh  Frnnim|?b]iin.  Vnw..   4^i 

W.-iUihm.   (ii].,riMi;    hTinin^-  uutk^  MiuntLhuMiiB 

Fd-foinifltory.  Comxint,  473. 
I     Vuflckcr.  Vtr.  An)fnMii>.  |«pci>  by,  IfiR, 

WlDhWOllTII  F.   Tillol^vn.   141-4*  of,   VH, 
,    Wlllrolt,  l>r.  4lK. 

Wu;i.  N'jrvnt  W  ,S4a. 

WftlbT,  rn>f<>Nor  Elwrn,  7«. 

Wiir-i,  L    |i.,  ^. 
I    Wurliiu.  Ci^'l.  OiVHrff<-    R„  Jr,.  ^.  4V,  tSO.  4lT.  4M.  UL 

I   WhriDBlfffl-  Kobon,  J«D,  It*,  iMi,  lOa, 

.    WhE^.  iDiily •<?■■.  •!<«  AniiUii*-'  ;    horiko  dl^CA*^  Tlftt  uf, 

'     la. 

I  Ciriiiinin]<lion,  t'l  Ami^iJcnn  utiles.  1111;  coiidHlobP 

I  iilTn--Lin|f-    l^l-:38  ;    flcir*   not   follow    miv   !■«, 

1i2aj    delHJJ    or  at  Deimll,   OH:   ■[  Rai:hr*4rr, 

IS-*;  FelKllr>n  nf  cf'nBinniiMon  of.  to  trwABv  nuw, 

l-ltl. 

Cuir»,  (UHi  ttrenni-  Btn'Bin*.  ■■oEEnttnit  of,  nc- . 
liftlil  tif  pro|A'riy  In.  hou'  dcrlvcil,  IT  .  tkrttonHl>lr 
XKpihitlon  of.  ]lMf,  Aiij?rll  itn  |'n-*ncrKv  ti^M  lu 
]n1lntr,  on  Imv  nf  wpriT-rnoTfca,  lUU:  fttji|]*ij 
tion  of  lul^frM:  rlphi  in,  10^;  uq  hiiliijfll  riirhi 
to  IKlLlutt!.  117. 

nrinklniT,  -llL.ulfl  t*  IrtfAllT  pTt]tortt<t.  lU. 

MfitTK^  effpF-L  In  rrdnirlnir  "  Bp^e,  l3fi. 

I'ollntAl,  ihi?  PHI]*.'  of  cli"c*-r-  lllEiximllXf  uipv^ 
]lti?ruLurt.  4l>  :  wlieii  [ti^laiiiiblf  uctUnilon  uriPi^ 

luu. 

Hlffht^,  mn;;  be  laki^n  fi*r  iinbllr  untL-r  Aiiikiiih^ 
mny  liioiiLdv  preM-iiiiil^*-  t-il'M  it,  ihjIThi-i,  lOrt, 

Bnpplle*,  cffi^'t  of  iiiliodiTi-'llitn  nf  niiciiii*Anii»fiml. 
lim\tir*.  tfl>:  tuV-'y  t-r  tUo  |i roller i"rmf.  JU-'hiv- 
ler.  Krca»nbi,  NotHiib.  ioMr-hm.  Oi^ivnt*, 
AEitHlr'Miilii,  Sft,  V^TII'UMtnd  NPH-  \a'\L.  \  Y  , 
71  ;  (io^lulioii  Iff,  hi  wHncP  tnd{>'4  -n^ni^n-.  Ht ; 
rtlurlun  (■■■'■atn-  no**'.  Hi*,  l-J'i;  rbNi.k;i^  nm. 
170.  prowftt.  17rt,  I'Hinrpirnhnfton  ><f,  1~7 

Tnpw*  i»r(ttHPn.i<jii  t^r.  ir>  |ff>piiUiStiti.  ia»-lB9- 
WH(«rik  MAMvubLiHrlCaBct  to  piolDct  piiiffy  nf  inli^fKl. 

WHt<'i  ford,  H-  v..  rffii-l  (tf  n  ii  roll  In  m  marred  trari-i  -lui- 

Hy  III  itrpypijUnp  ^rtl^dcl^lJl:  of  lyidioid  ft'or,  IU,  H. 
Wny,  I'mfT^f-.r  J.   I'.,  IWi,  UiU. 
Wn^nr,  Pi*  ,"iiff-ro  ifii^'JiMi'D-  6^1?. 
Wml.  ukv  '»f  fi-wfltf^'  f^r  lirljFiitlon  in,  ft^ 
We^ion,   W   Vv-H  mvor  rnrfMien  m   Inmuid   lloqritiK 

14U. 
Wm'  Troj,  N.  Y,,  ^'id'-micot  lyphMld  Ivvrr  »X.  •fl»rt 

of    dlfli^niiniiliiK    iit^-    uf   ^Hfllulrd    Mottuvk    Ulvr* 

ivfkler,  M, 
WhiTlri,  WilMuin,  47b. 

Wfilinr^,  l'rofi-*^ir  Mlito)i,  work  an  «U  phjirlos  llfi. 
VVIIIiiini-.  Diiiid'iU',  4A0. 
Wlnirfiin.  Prcifrk-of  B-  W.,  4fiH  W.  M. 
WU»on,  .).  v..  riVtt. 

Wriiifrnid*ky'>  |ia|>^ron  Ihpi>ttrlfyhi0  nrTt"Dl*4|i.  IVX. 
Wi"*tT.  Pr-'ilrnuk.  3L 
WoJiT-iHi  fjilimium,  iM-ISft, 
^^'iHiiiPTi  lonnnfih^lnip,  En-qt  imTlnllnn  df  <4raiiiii*  frva, 

All. 
Vt.wAr.  Allu-n  P..  MS;  Elrutii*'  DM(ifA.-llnp  Co..  WA 
Wor(V"tiPT,  Mnu,,    "wiantf  d1»t'lnii-iP"   Into   BIhcWikp* 

Uurr,  44:  rlrminil  pfmlt^llA'^nh^  41{k 
Worlhi^n.  Wimhm  l:„4lV, 
Wart*.  Hmry.  fifl.  ^ 

£i>niiKtnr>L  n^Tnhvr  prcwnt  In  mtur  of  M«t«r  Dan 
1>Tw>k.  W. 
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